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How to help a plug 
keep plugging 


Pulp for paper making is chewed up inside this Jordan 
engine by a cone-shaped plug that forces the pulp 
against knife edges in the shell. Clearance between 
plug and shell must be held extremely close, so the de- 
signers mounted the plug shaft on Timken® bearings. 
Timken bearings take radial and thrust loads in any 
combination, keep shafts in positive alignment. De- 
flection and end movement are eliminated. 








Mounting plug shaft bearings 


The application shown here uses four Single-row Timken 
tapered roller bearings mounted in pairs for the thrust 
and floating ends of the plug shaft. They are mounted 
directly on tapered sleeves and adjusted by means of 
shims between the cup follower and bearing housing. 





The right hand or thrust end bearing assembly carries 
the thrust load and is clamped on the shaft by means of 
an end cap and cap screws. A nut next to the tapered 
sleeve facilitates removal of the bearing assembly. 





Both thrust and floating ends are free to move laterally 
as the plug and shell are adjusted for clearance. Closures 
are of the piston-ring type. 


How you can learn 
more about bearings 





Some of the engineering problems you'll face after 
graduation will involve bearing applications. If 
you'd like to learn more about this phase of engi- 
neering, we'll be glad to help. For a copy of the 
270-page Genral Information Manual on Timken 
bearings, write today to The Timken Roller Bear- 
ing Company, Canton 6, Ohio. And don’t forget to 
clip this page for future reference. 


NOT JUST A BALL © NOT JUST A ROLLER C> THE TIMKEN TAPERED ROLLER c= 
BEARING TAKES RADIAL @ AND THRUST -@- LOADS OR ANY COMBINATION ie 








1. 





a ae : ORIENTATION 
The Westinghouse Graduate v2 
Student Training Program INITIAL WORK 
was started more than 50 ASSIGNMENTS 
years ago. Through the years a. PRODUCTION 3. 
it has been improved to keep b prt ll PRODUCT 
pace with the growth and de- $ 

ta OR TEST ENGINEERING 
velopment of Westinghouse. SCHOOL 
Experienced counsellors are 
always on call to help you 
establish bearings in plan- 
ning your career. 
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Packing the equivalent of 27,000 hp at 700 mph in a 3,000 pound turbo- 
jet is an achievement that calls for a high degree of co-ordination and 
skill in research, engineering, manufacturing and application. 

Key to achievements like this at Westinghouse, we believe, is the science 
of man-power development through which we are able to place engineer- 
ing pit. ani in the right work . . . to best utilize their education, training 
and talents most effectively. 

To help you find your best field, you would enter the Graduate Student 
Training Program, in which you get basic training; later special training; 
then, with the assistance of an experienced counsellor, placement in 
the field of your choice. In this way you get set for a successful future. 

For complete details about the Westinghouse Plan, send for our 32- 
page booklet—‘‘Finding Your Place in Industry.” G-10174 


EDUCATIONAL DEPARTMENT 


To obtain copy of 
“Finding Your Place in Industry”, consult Placement 
? Officer of your university, or mail this coupon to: 

you CAN BE SURE...iF ITS Mr. J. H. Spragson 

District Educational Co-ordinator 

Westinghouse Electric Corporation 

40 Wall Street 

New York 5, N. Y. 
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Architect: THR ARCHITECTS’ COLLABORATIVE, CAMBRIDGE, MASS. 
Technical Associates 


General Contract 


BROWN, LAWFORD & FORBES, NEW YORK, N. Ya 
rf. GEORGE A. FULLER COMPANY, BOSTON, MASSe 
Heating Contractor: PRED WILLI AMS, INC., BOSTON, MASS. 

Plumbing Contractor: JAMES A. COTTER COMPANY, BOSTON, MASS« 


Mechanical Engineer: cuas. T. MAIN, INC., BOSTON, MASS, 


Work of a team of architects, led by Prof. Walter 
Gropius, the new Harvard Graduate Center, 
Cambridge, Mass., is in itself an “education” in 
modern planning. Providing an entirely new 
environment for communal living, where cooperative 
activity and interchange of ideas may be encouraged, 
it is an architectural setting completely in tune with 
the times. 

The same future-minded planning was devoted 
to such enginecring problems as heating, sanitation, 
and air conditioning for the eight integrated 
Dormitory and Commons buildings. All operating 
equipment was selected for highest efficiency and long 
life. On this basis, Jenkins Valves were installed. 

To the long list of college and school buildings 
throughout the nation equipped with Jenkins Valves, 
the new Harvard Center makes a notable addition. 
On their record, Jenkins Valves are being specified, 
also, for more and more of the new plants, the 
new commercial, institutional, and municipal 
structures that are setting new standards for 
operating efficiency, as weil as architectural design. 
In fact, to future-minded building planners, the 
Jenkins Diamond has become the guide to lasting 
valve economy .. . not only for new installations, but 
for all replacements. Jenkins Bros., 100 Park Ave., 
New York 17: Jenkins Bros., Ltd., Montreal. 
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This 400pp. book describes the varied applications 
of Molybdenum as an alloying element in a wide 
range of materials. It presents the fundamentals 
which must guide the selection of the most suitable 
alloys for specific applications. 


Much recent information is included, some of it 
hard to find elsewhere. About 500 references to 
technical literature facilitate further reading, and 
there are 187 diagrams and 91 tables. 


The book is available free on request by metallurgical 
and engineering students. 


Climax Molybdenum Company 
500 Fifth Avenue * New York City 


TABLE OF CONTENTS 


Technical effects of Molybdenum i in 
Steel, Cast Steel, Cast Iron. 
Fundamental Effects of Heat 
Treatment on Microstructure. 
Addition of Molybdenum. 

Wrought Alloy Engineering Steels— 
Medium, Low, High Carbons; Low 
Temperature Properties, Machinability. 
Wrought Corrosion Resistant Steels. 
Wrought Steels for Elevated 
Temperature Service. 

Tool Steels. Steel Castings. Cast Iron. 
Special Purpose and Nonferrous 
Alloys. 








Please send me ‘Molybdenum: Steels, Irons, Alloys’’. 
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SINCLAIR RESEARCH LABORATORIES—nine buildings containing the 
most modern testing equipment known—have contributed many of 
today’s most important developments in petroleum products, pro- 





duction and refining. Under the Sinclair Plan, the available capacity 
of these great laboratories is being turned over to work on the 
promising ideas of independent inventors everywhere, 


An Offer of Research Facilities 


to Inventive Americans Who Need Them 


The Sinclair Plan is opening up the Company’s great laboratories 
to every American who has an idea for a better petroleum product 


NVENTIVE Americans are often at a loss 
I today. Not because of any lack of ideas, 
but because of a need for expensive facilities 
to find out if and how their ideas work. 

This was no obstacle in our earlier days. 
The Wright Brothers designed their first air- 
plane with the help of a foot-square home- 
made “wind box”’—and the plane flew. 

In contrast, the man with a new idea in 
airplane design today often needs a super- 
sonic wind tunnel costing millions. 

In short, science and invention have be- 
come so complex that a man with an idea 
for a better product often needs the assistance 
of an army of specialists and millions worth 
of equipment to prove his idea has value. 

Within the petroleum field, the Sinclair 
Plan now offers to provide that assistance. 

Under this Plan, Sinclair is opening up 
its great research laboratories at Harvey, 
Illinois, to independent inventors who have 


sufficiently good ideas for better petroleum 
products or for new applications of petro- 
leum products, 

If you have an idea of this kind, you are 
invited to submit it to the Sinclair Research 
Laboratories, with the provision that each 
idea must first be protected, in your own 
interest, by a patent application, or a patent. 


The inventor's idea remains his own property 


If the directors of the laboratories select your 
idea for development, they will make, in 
most cases, a very simple arrangement with 
you: In return for the laboratories’ invest- 
ment of time, facilities, money and personnel, 
Sinclair will receive the privilege of using the 
idea for its own companies, free from royal- 
ties. This in no way hinders the inventor 
from selling his idea to any of the hundreds 
of other oil companies for whatever he can 
get. Under the Plan, Sinclair has no control 


over the inventor’s sale of his idea to others, 
and has no participation in any of the 
inventor's profits through such dealings. 
Moreover, it is a competitive characteristic 
of the oil business that the new products 
adopted by one company are almost invar- 
iably adopted by the whole industry. This 
means that the very fact of his agreement 
with Sinclair should open up to the inventor 
commercial opportunities which might 
otherwise be hard to find. 

How to proceed: Instructions on how to 
submit ideas under the Sinclair Plan are 
contained in an Inventor's Booklet available 
on request. Write to: W. M. Flowers, Execu- 
tive Vice-President, Sinclair Research Labo- 
ratories, Inc., 630 Fifth Avenue, New York 
20, N. Y. for your copy. 

IMPORTANT: Please do not send in any ideas 
until you have sent for and received the 
instructions, 


SINCLAIR —a Great Name in Oil 
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RODYNAMIC THEORY 


A Short History and Future of the Theory of Flight 


By PROF. WILLIAM R. SEARS 


Aerodynamics has its roots in the 
classical mechanics of the 18th and 
19th centuries—namely in classical 
hydrodynamics. Hydrodynamics be- 
gan with Bernoulli and Euler, and 
was developed by Lord Kelvin, 
Helmholtz, and others. This was a 
branch of Potential Theory, for it 
was concerned with the flow of an 
ideal fluid which was supposed to 
be incompressible and to have no 
viscosity. 

Now Potential Theory is a 
branch of mathematics, and so clas- 
sical hydrodynamics was also a 
branch of mathematics. These great 
masters of the 18th and 19th cen- 
turies developed the subject to an 
amazing degree—developed power- 
ful mathematical techniques and 
very general theorems, so that the 
flow of such an idealized, incompres- 
sible, frictionless fluid around al- 
most any obstacle could be des- 
cribed by their equations. Unfor- 
tunately, this being a branch of 
mathematics, it was not attacked 
by the combined methods of analy- 
sis and experiment, which we know 
as the “Scientific Method,” and be- 
fore long its results had departed 
widely from physical reality-—since 
real gases are not incompressible, 
and even liquids, which are nearly 
incompressible, are not free of vis- 
cosity. 

Practical engineers, who in those 
days were concerned especially 
with hydraulics, found little of 
value in this mathematical disci- 
pline, and rejected it categorically. 
They could not accept, for example, 
a hydrodynamics which led to the 
conclusion that there is no force 
on any body submerged in a steady 
stream! This situation was chang- 
ed about the beginning of the 20th 
century, and the reconciliation be- 





...Evacuation of high vacuum elec- 
tronic tubes prior to sealing and as- 


sembly onto its base. 
Westinghouse 








Vol. 17, No. 3 


tween theory and practice was 
largely due to aeronautics. 

Two mathematicians, Joukowsky 
and Kutta, a Russian and a Ger- 
man, independently discarded one 
of the basic theorems of hydrody- 
namics—the one that states that 
a fluid once, irrotational must 
always remain so—and thus ex- 
plained the Uift of a wing. Both 
were inspired by an interest in 
flight—Kutta being a friend of Otto 
Lilienthal, the great German pio- 
neer of flight. In the same period 
Theodore von Karman, having ob- 
served that the flow behind an ob- 
stacle is made up of a train of vor- 
tices, explained in detail one of the 
typical cases of drag. Neither of 
these important developments re- 
quired consideration of the viscosity 
—in both cases it was only neces- 
sary to reject a result of classical 
theory when it became evident that 
this result conflicted with physical 
fact. 

The picture was clarified and the 
gaping holes in the logic of the sit- 
uation were filled in by the dis- 
covery in 1905, by Ludwig Prandtl, 
of the boundary layer. Prandtl’s 
discovery, which has such _far- 
reaching practical and theoretical 
implications, is one that is almost 
obvious; that when a fluid of small 
viscosity, such as water or air, flows 
past a solid surface, such as an air- 
plane wing, or the hull of a ship, or 
the pier of a bridge, only a thin 
layer of the fluid is affected by vis- 
cosity, and all the rest of the fluid 
behaves like the idealized fluid of 
the classical hydrodynamicists. It 
is difficult, now, to see why this 
beautifully simple result remained 
hidden until 1905. 

We do not have time now to dis- 
cuss all the implications of this dis- 
covery, nor to show how Prandtl 
This article 1s based on Professor 
Sears’ lecture to the Cornell Chap- 
ter of Sigma Xi, February 15, 1951. 


proved his result in a set of partial 
differential equations. These equa- 
tions explained the presence of von 
Karman’s vortices and they justify 
Kutta’s and Joukowsky’s assump- 
tion of circulatory flow. In addition, 
they give the engineer a basic tool 
to calculate skin friction and heat 
transfer, which of course were com- 
pletely outside the scope of the 
classical theory. 

Prandtl’s boundary-layer theory, 
as I have said, explains the circula- 
tion postulated by Kutta and Jou- 
kowsky but forbidden by the per- 
fectly logical theory of inviscid 
fluids. Figure 1 illustrates the me- 
chanism that is involved. The 
boundary-layer theory states that 
the layer affected by viscosity will 


——— ABOUT THE AUTHOR 


Professor Sears has been depict- 
ed as a human version of an octo- 
pus reaching out in all directions 
for more work. Besides being di- 
rector of the Graduate School of 
Aeronautical Engineering, he is 
on the faculty of the Department 
of Engineering Physics. He is also 
the Chairman of the Panel on Air- 
craft of the Scientific Advisory 
Board of the Air Force. 

He obtained his Bachelor's De- 
gree in Aeronautical Engineering 
from the University of Minnesota 
in 1934, and secured a research 
assistantship at the California In- 
stitute of Technology, specializing 
in wind tunnel work, and within a 
year was in charge of all such work 
there. He stayed at Cal. Tech. for 
eight years, receiving his Ph. D. in 
1938, and an appointment as an 
assistant professor in 1940. 

He came to Cornell in 1941 after 
being Chief of the Aerodynamics 
Division of Northup Aircraft. Since 
1946 he has devoted his time to 
the new School of Aeronautical 
Engineering. 








Fig. 1. Flow Photographs showing the 

origin of “circulation” about a wing 

abruptly put into motion relative to a 
fluid. 


not be able to negotiate the sharp 
trailing edge and that an eddy will 
be shed behind the wing. But the 
classical theory, which still applies 
outside the bounary layer, asserts 
that this eddy must be accompanied 
by a circulatory flow component 
about the wing, and hence the lift. 
The pictures in Fig. 1 vertify that 
this is, in fact, true. These photo- 
graphs were made by a camera 
moving with the wing; the fluid 
motion was made visible by means 
of suspended particles, and the wing 
was abruptly put into motion in a 
fluid otherwise at rest. The upper 
picture was taken just after the 
motion started, and a vortex shed 
at the sharp trailing edge is clearly 
visible. The lower picture was snap- 
ped a short time later and shows 
that the shed vortex has remained 
more-or-less fixed in position while 
the wing has moved away. From 
this photograph the existence of a 
circulation about the wing can be 
clearly deduced. 

But Ludwig Prandtl of Géttin- 
gen had still another great contri- 
bution to make to -<:>4. namics. 
Once again combi:.ing the implica- 
tions of the boundary layer and the 
classical theories, he reasoned that 
such circulation cannot be confined 
to the wing, if the wing is of finite 
extent, but that vortex filaments— 
in fact, a continuous sheet of such 
vortices—must trail back from the 
wing tips, as shown in Fig. 2. The 
resemblance of this idealized flow 
picture to the disturbance actually 


created by a wing near its tips was 
apparent to Prandtl. Nowadays, 
many of us have seen these trailing 
vortices behind the wing tips of 
airplanes in pull-outs or behind air- 
planes flying through clouds or 
smoke, but Prandtl had not! 

In the light of this discovery, it 
was simply necessary to calculate 
the forces on the wing in the field 
of flow induced by the trailing 
vortices; Prandtl did this, and the 
result is a wing theory that ex- 
plains all the important character- 
tistics of a real airplane flying in real 
air. For example, Fig. 3 shows one 
result, the explanation of the ef- 
fect of span on drag. In Fig. 3 are 
plotted the values of the lift (CL) 
and drag (Cp) coefficients* measur- 
ed in tests of wings of many differ- 
ent aspect ratios. (The aspect ratio 
is the ration (span)?/area, or the 
ratio of span to average chord.) 
Prandtl’s theory states that these 
should all reduce to a single curve 
if a simple correction is made for 
the differences of aspect ratio. Fig- 
ure 3b shows how this theoretical 
result is verified. 

It is hard to over-estimate the 
importance of this wing theory, 
which Prandtl worked out in the 
secrecy of Germany in World War 
I, in the development of aero- 
nautics between World Wars. All 


* Such coefficients are defined as the 
ratios of the respective forces to the 
product of wing area and dynamic pres- 
sure of the stream. 


our engineering calculations of per- 
formance, of stability and control, 
and of structural integrity are act- 
ually based on it. It has successfully 
been extended to cases of transient 
motion, such as maneuvering flight, 
encounters with gusts, and to ex- 
plain and predict the destructive 
phenomenon known as “wing flut- 
ter.” It has also been extended to 
propellers, fans, windmills, com- 
pressors and turbines—which are 
all basically wings that follow heli- 
cal paths and thus leave helical 
trailing vortices behind them. Thus 
the modern jet engine owes much of 
its development to Prandtl. There 
is no branch of aeronautical engin- 
eering that does not continually 
employ Prandtl’s concepts of 
boundary layer and trailing vortices 
—and modern hydraulics, hydro- 
dynamics, naval architecture, pump 
and turbine engineering are almost 
as deeply dependent. 

But in all this we have neglected 
the compressibility of the air. How 
can this be, when air is surely a 
very elastic fluid? It is easy to com- 
press the air inside a tire pump by 
simply pumping with your finger 
over the outlet. 

A partial answer is that wncon- 
fined air is not appreciably com- 
pressed by objects moving through 
it at speeds up to about 200 mph. 
The increase of pressure on the 
nose of a body at 200 mph at sea 
level is less than 1 pound per square 
inch, so that the change in air den- 


Figure 2. Wing of finite span with trailing vortices. 
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Figure 3a. Experimental curves of lift coefficient vs. drag coefficient for wings of several 

aspect ratios. In the left-hand graph the values of the test aspect ratios are noted on 

the curves. Figure 3b. The same curves reduced to aspect ratio of 5 according to 
Prandtl’s lifting-line wing theory. 


sity is negligible. Moreover, at still 
higher speeds the effects of compres- 
sibility, while not negligible, can be 
considered small effects, and their 
implications can be predicted by the 
same theory of acoustic disturbances 
that we use to study the propaga- 
tion of sound. 

It should be no suprise to you to 
learn the name of the discoverer 
of this simple theory—Ludwig 
Prandtl. It was discovered inde- 
pendently by an Englishman, Glau- 
ert, and is known as the Prandtl- 
Glauert theory. 

What is the acoustic theory, basi- 
cally? It is based simply on the 
approximation that the disturbances 
propagate with a constant speed 
called, for obvious reasons, the 
speed of sound. Starting with this, 
the theory has been developed into 
a regular procedure fcr correcting 
incompressible-flow results. Thus 
the hydrodynamics of the ideal 
fluid has not lost its importance 
in this day of high-speed flight. It 
no longer tells the whole story, but 
it is still the starting point for the 
aeronautical engineer. And Prandtl’s 
beautiful wing theory is thereby ex- 
tended in validity up to speeds near 
the speed of sound. 

Figure 4 presents some evidence 
of the utility of this simple theory 
at speeds of flight up to about 80% 
of the speed of sound. Here the co- 
efficient of normal force, Cn, for 
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a wing is plotted against Mach 
number, M gq, for various angles 
of incidence a. According to the 
Prandtl-Glauert theory, the exper- 
imental curves should follow the 

points. They very nearly do, as 
we see, until they break off at a 
speed of flight approaching the 
sound speed (Mach number of one). 
All this is exactly analogous to what 
occurs when disturbances propa- 
gate on the surface of a body of 
water, and so we can borrow from 
the realm of hydraulics some sim- 
ple experiments that will demon- 
strate the effects in terms of this 
analogy. Fortunately the hydraulic 
cases are sometimes easier to vis- 
ualize, and also to demonstrate, 
since the speed of surface wave prop- 
agation is much less than the speed 
of sound. 

The hydraulic analog of a sound 
wave is a surface ripple. But when 
a large disturbance is made in a 
shallow open basin of water, such 
as an earthquake on the ocean’s 
bottom, the succession of distur- 
bances produced pile up on one an- 
other. This is because, as has al- 
ready been said above, each of them 
involves water motion, as weil as 
wave motion, and each of them 
propagates at the ripple speed rel- 
ative to the moving water. The 
result is a violent, large disturbance, 
with nearly a vertical front, called 
a “bore.” If the bore is held sta- 


tionary by a high-speed stream 
flowing into it, as in Figure 5, it is 
called a “hydraulic jump;” it is 
exactly the same phenomenon. A 
hydraulic jump is often demon- 
strated to hydraulics classes, and 
can be seen just downstream of 
nearly any spillway. The bore is the 
analog of a moving shock wave; 
the hydraulic jump that of a sta- 
tionary shock wave. The fronts of 
shock waves are nearly the mathe- 
matician’s “surfaces of discontin- 
uity,” for within them the pressure, 
density, temperature, and speed of 
the gas are changed markedly in an 
incredibly small distance and there- 
fore in an incredibly short time. 
The transition is accomplished by 
the familiar mechanisms of viscosity 
and heat transfer and—in the lan- 
guage of —thermodynamics—is 
highly irreversible. 

In Fig. 6 we see a stationary 
shock wave in a nozzle, quite ana- 
logous to the hydraulic jump of 
Fig. 5. The disturbances upstream 
(top) of the shock are small ones 
of the type described by acoustic 
equations. The shock is obviously 
a much bigger effect. Here the dis- 
turbances have been made visible 
by the “schlieren” method, which 
shows up density differences by the 
same principle that makes rising 
hot air visible in the sunlight. In 
Fig. 7 a similar technique has been 
used to show the pattern of shock 
waves made by a bullet at super-. 
sonic speed. The bow shock is ana- 
logous to the bow wave of a high- 
speed surface vessel. 

Now these shock waves are not 


Figure 4. Comparison of experimental 

and theoretical variation of normal-force 

coefficient of a wing with stream Mach 
number. 
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Figure 5. Hydraulic jump produced in a stream downstream of a spillway. 


catastrophic occurences on_air- 
planes, as some Sunday newspaper 
articles might lead you to think. 
You have probably all heard 
the “stone wall” at the speed 
sound—when an airplane tried 
accelerate through the speed 
sound, it was said, it crashed against 
a “stone wall” of piled-up pressure 
disturbances and fell in pieces to 
the ground! Your fears of shock 
waves have probably been exagger- 
ated by magazine articles about the 
atomic bomb—how its shock wave 
destroys buildings. Fortunately our 
shock waves are considerably 
weaker—even though there are 
true stories of rattling windows on 
the ground near where airplanes 
have been flight tested at high 
speeds. 
Boundary Layer Separates 

The trouble caused by our shock 
waves is not a direct result, but 
comes from an unhappy influence of 
the waves on the boundary layer. 
This phenomenon is illustrated in 
Fig. 8, where the shock wave on a 
wing flying at high subsonic speed 
is shown. Where the wave intersects 
the boundary layer, which is clearly 
visible in the photograph, the layer 
is caused to separate; 1.e., to depart 
sharply from the surface, spoiling 
the flow from that position on back. 
By this effect, the lift is diminished, 
the drag is greatly increased, and 
the aircraft is in danger of being 
badly put out of equilibrium. 

This, not a stone wall, is the 
source of sonic-speed difficulties. 
We have some ways of minimizing 
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this; first to postpone the effects 
to a higher speed—this is the effect 
of sweepback and the reason for 
using very thin wings—also to de- 
sign so that the interactions do not 
occur in sensitive regions; or if 
necessary, to remove the boundary 
layer entirely. 
Present Day Research 

I hope you now have a picture of 
the present status of aerodynamics. 
In summary, we have found how to 
use classical hydrodynamics theory, 
how to correct it for the presence 
of boundary layers and compres- 
Figure 6. Stationary shock wave in a 


divergent nozzle. Flow from top to 
bottom. 


sibility; and finally we have some 
pretty adequate theories for super- 
sonic flight, and we recognize the 
phenomena of shock waves and 
shock-wave boundary-layer inter- 
action. 

One important area of present- 
day research involves the extension 
of all this to higher speeds, higher 
altitudes, and both higher and lower 
temperatures. At the high speeds at- 
tained by guided missiles, for ex- 
ample, all disturbances must be 
considered ones, and_ all 
shock waves involve large and fan- 
tastically rapid changes of tempera- 
ture and pressure. At the altitudes 
reached, on the other hand, air is 
so rare that it can no longer be 
considered a continuum—collisions 
with molecules must be considered 
actually to occur infrequently! 

In the vicinity of such missiles, 
and especially the high-speed wind 
tunnels we are building to test 
them, there will occur such out- 
landish phenomena as _ condensa- 
tion of oxygen and nitrogen—not to 
mention condensation of any water 
vapor! If we heat the air of such 
wind tunnel enough to prevent 
condensation, it will not only have 
to be uncomfortably hot (800°F., 
say) but the rapid processes that 
occur may leave the gas molecules 
out of adjustment to their surround- 
ings as they go past the model. This 
is the phenomenon of heat-capacity 
lag, and unfortunately its occur- 
rence is not confined to wind tun- 
nels; it also occurs in the engines of 
supersonic missiles or airplanes. 

Generally speaking, the aero- 
dynamicist is being pushed into 

(Continued on page 24) 
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Figure 7. Shock waves produced by a 
bullet at supersonic speeds. 
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CATIONIC DETENGENTS-] 


A Versatile Group of Industrial Chemicals 


By THOMAS W. WEBER, ChemE °53 


Many people look upon deter- 
gents as something quite new to the 
world—something put on grocers’ 
shelves within the past decade or 
so. Nothing could be further from 
the truth. Because much confusion 
arises as to the differences between 
soaps, detergents, and _ surface 
active agents, some definitions 
would be helpful. 

A surface active agent orients 
itself between two interfaces such 
that it becomes a coupling agent 
bringing the interfaces into more 
intimate contact. If the interface 
separates a liquid and a gas, a foam- 
ing agent results. The interface may 
also be solid-liquid. Occasionally, 
surface active agents are found 
which cause a liquid to wet certain 
solids selectively while leaving 
others dry. Advantage is taken of 
this type of agent in ore flotation 
processes. In most cases however, 
the wetting may be quite non- 
selective. Under these conditions, 
the function of the agent is des- 
cribed as wetting and penetrating. 
If, with two immiscible liquids, 
the surface agent lowers the inter- 
facial tension so that emulsions are 
formed, the agent is called an emul- 
sifier. If the surface active agent 
wets and emulsifies to a sufficient 
degree, and has a few other 
characteristics too technical to dis- 
cuss here, it is called a detergent. 
In short, a detergent is a surface 
active agent which functions in a 
special manner. 

Soap is a surface active agent 
exhibiting detergency to such a high 
degree that it is frequently used as 
a reference standard for judging 
this quality in other compounds. 
On the other hand, the sodium salt 
of lauryl sulfate and dodecyl- 
benzene sulfonate are also of high 
quality. These last two, however, 
differ from soap in two very im- 
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portant respects: they resist de- 
composition in mild acid solution 
and their lime and magnesium salts 
are sufficiently soluble to prevent 
precipitation in normally hard 
water. Through long use, the term 
“synthetic detergent” has come to 
be assiciated with compounds which 
exhibit these two properties. 
Surface active agents owe their 
usefulness to their ability to alter 
the surface energy of their solvents 
to an extreme degree, even when 
present in very low concentrations. 
Generally speaking, they are linear 
molecules, the most important 
features of which are greatly hydro- 
phobic (water-repellent) or non- 
polar groups, usually long hydro- 
carbon chains, but sometimes 
hydrocarbon rings or systems of 
rings; and attached to these, hydro- 
philic (water-attracting) or polar 
groups. Sodium stearate, C,,H,,- 
COONa, illustrates the action of 
surface active agents quite well. 
These molecules orient themselves 
at the surface of the solution and 
also at the interface between the 
soap solution and an immiscible 
liquid. In each case, the soluble 
water-attracting group stays in the 
water surface while the hydro- 
carbon chain tries to move out of 
the water surface and into the oil 
or other immiscible liquid. This 
reduces surface tension in the first 
case and interfacial tension in the 
second. Another important property 
of surface active agents is their 
Chemical formulae for two common deter- 


gents: Sodium lauryl sulfate and cetyl 
pyridinium chloride. 


CH-(CH)= CH-SQNa 
CHe(CH)mO| cr 


ability to carry into thermodynam- 
ically stable solution normally in- 
soluble substances. 


Depending on the nature of the 
electrical charge on the hydro- 
phobic group or the absence of ioni- 
zation, detergents have been classi- 
fied as anionic, cationic, and non- 
ionic. These classes have become 
one of the most widely used systems 
of classifying the large numbers of 
detergents existing today. 

After what has been said regard- 
ing the high detergent powers of 
soap, one might well ask what 
started the synthetic detergent 
business going, and why is it still 
growing. Synthetic detergents date 
back to 1860. In that year the mod- 
ification of the fatty acid molecule 
took place with the discovery of the 
sulfonated fatty oils of which Tur- 
key Red Oil (sulfonated castor oil) 
—long used in the textile industry— 
is perhaps the best known. How- 
ever, World War I furnished the 
impetus to the research on and pro- 
duction of synthetic detergents be- 
cause of economic conditions and 
not to any normal competitive 
superiority of these compounds. In 
the few years preceeding the be- 
ginning of the War, Germany 
sought to become economically in- 
dependent. Expecting a shortage of 
fats in the event of war, she direct- 
ed some of her research toward a 
substitute for soap. The outcome 
was the development of alkylated 
naphthalene sulfonates between 
1914 and 1918. These found applica- 
tion only for specialized purposes, 
one of the serious disadvantages be- 
ing their high cost of production. 
Since 1925, the line of approach has 
been the elimination or blocking of 
the terminal carboxyl groups either 
by reduction to the alcohol or by 
esterification or amidation, the ob- 
ject being to join the hydrophobic 
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group with a solubilizing group, 
while preserving the stability in acid 
solution and the stability of the 
divalent metallic salts. The “Ige- 
pons” developed in Germany 
around 1925 came about from re- 
search along these lines. The dis- 
covery of petroleum as a readily 
available and comparative inexpen- 
sive source of raw materials for 
detergent manufacture brought 
about rapid development prior to 
1939; this was accelerated by the fat 
shortage during the recent war. 
When long-chain alcohols became 
available in quantity by the cataly- 
tic reduction of fatty acids, a whole 
group of detergents in this class be- 
came available. Their preparation 
is a direct esterification with sul- 
furic acid followed by neutraliza- 
tion. 

Many synthetic detergents have 
been found which are better wet- 
ting and penetrating agents than 
soaps. But in addition, some have 
specific properties which make 
them useful for specialized cleaning 
jobs. The cationic detergents are 
examples of one such group. The 
cationic detergents or “invert 
soaps” (as they are often called) 
have found their particular major 
spheres of utility within a few short 
years, and have become well estab- 
lished for certain germicidal and 
textile finishing applications, while 
having little or no success in other 
fields. 

If cationic agents differ only in 
molecular structure from the other 
types of surface active agents, that 
difference would, of course, be un- 
important. However, the practical 
differences which result from their 
structural difference have  con- 
vinced industrial technologists that 
in the cation-active agents they 
have found a new and valuable tool. 
Some of these cationic character- 
istics will be discussed in the fol- 
lowing paragraphs. 

Many of the anion-active agents 
are deactivated and separate in 
solutions having pH values much 
below the neutral point. The fatty- 
alkyl quaternary ammonium salts 
—the prominent members of the 
cationic detergent field—are stable 
and surface active over a wide pH 
range on both the acid and alkaline 
side. 

The surface active amines and 
ammonium ions are strongly ad- 
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sorbed by siliceous or other nega- 
tively charged mineral surfaces. 
Such mineral surfaces hold the 
positive surface active ions. These 
ions, in orienting themselves with 
the charge-carrying nitrogen at the 
adsorbing surface, leave their 
hydrocarbon “tails” extending out- 
ward to present an organophilic (or 
hydrophobic) surface. Thus the 
fatty amines and their salts have 
been used to impart water-repel- 
lent, organophilic characteristics to 
cement, asbestos, glass, and masonry 
surfaces. In the froth flotation con- 
centration of lower-grade phosphate 
rock using fatty amine salts as 
collectors, silica is floated from the 
admixed calcium phosphate. When 
mineral aggregates used in asphalt 
road building are first treated with 
cation-active agents, or if the 
cation-active agent is first added 
to the asphalt to be used, the 
aggregate is more readily wetted 
and coated by the asphalt, even in 
the presence of moisture. Subse- 
quent breaking apart or “stripping” 
of the asphalt from the aggregate 
is also greatly reduced. 


Water Repellent 


In a similar manner, it has been 
found that metallic surfaces by ad- 
sorbing the surface-active cations 
become water-repellent, or organo- 
philic. For instance, iron surfaces 
treated with solutions of fatty 
amines, or certain of their salts, re- 
sist corrosion and are more easily 
and thoroughly coated with rust- 
preventive oils. As an alternate 
method, the cationic agent has even 
been incorporated into the oil it- 
self. Paints have been improved by 
the addition of cation-active agents 
so that their adhesion and rust- 
preventive quality when applied to 
damp, rusty iron surfaces will be 
enhanced. Inorganic pigments also 
acquire an organophilic character 
when treated with cationic agents, 
and the fatty amines have been 
used as pigment wetting and grind- 
ing aids and as pigment-flushing 
agents. 

Organic surfaces which are nat- 
urally electro-negative in character, 
such as wool and cellulose fibers, 
adsorb positive surface-active ions. 
Oil emulsions containing cationic 
agents are substantive to wool and 
cellulose materials, i.e., the oil phase 
of the emulsion exhausts itself upon 


the textile fibers. For this reason 
many textile finishing agents are 
now being made to possess this 
cationic characteristic in themselves. 

The cationic agents change the 
electrostatic charge on many sur- 
faces. The strong, dust-attracting 
electro-static charge which accumu- 
lates upon many surfaces, especially 
upon those of synthetic resins and 
plastics, is eliminated when the 
surface is coated with a very thin 
film of cation-active material. Act- 
ually a charge of opposite electrical 
polarity is formed, but this new 
charge does not attract, and prob- 
ably repels, normal air-borne dust. 

As mentioned previously, the 
cation-active agents exhibit a high 
bactericidal activity, and it is this 
property for which they are known 
mainly at the present time. All of 
the fatty amine salts are highly 
bactericidal, but this quality is 
particularly outstanding in the 
quaternary ammonium salts. 

Detergents may be used as germ- 
icides or as solubilizing, emulsify- 
ing, or carrying media for other 
germicidal compounds. As a carry- 
ing medium the detergent may be 
inert or may act to enhance the 
active ingredient, increasing its 
germ killing activity. The broad 
claims of the germicidal activity 
made for some of these compounds 
must be carefully checked. Micro- 
organisms vary in resistance to the 
surface active agents. Futhermore, 
the established methods of testing 
non-surface active germicides do 
not always give accurate results 
when applied to the surface active 
compounds. 

The most potentially powerful 
bactericidal detergents are the 
quaternary ammonium compounds. 
The most widely accepted include 
the alkyl pyridinium halides and 
the alkyl-trimethyl-ammonium hal- 
ides; the cetyl radical gives opti- 
mum results. Most of the “quats” 
marketed as germicides are rel- 
atively free of color, odor, and 
taste in the dilutions normally em- 
ployed. They are soluble in water 
and in organic solvents and, as a 
rule, are relatively non-corrosive. 
They are usually active in rather 
high dilution, exhibiting a high 
antibacterial power against both 
Gram-positive and Gram-negative 
organisms. Laboratory results have 

(Continued on page 40) 


THE CORNELL ENGINEER 





TRANSISTORS—THEIR 
THEORY AND USE 


The New Look In Electronics 


By GEORGE WOLGA, EP ’°53 


It seems almost ironical that now, 
at the end of the decade in history 
which saw the greatest effort and 
achievements within the field of 
electronics, that a new development 
threatens to replace, for many pur- 
poses, the most basic tool of the 
industry—the vacuum tube During 
World War II, and in the subse- 
quent years after the war, the elec- 
tronics industry successfully tackled 
such diverse projects as computors, 
color television, radar, and many 
automatic precision devices. Even 
to contemplate tackling these prob- 
lems without the use of electronic 
tubes would have been impossible. 
Yet today we can say almost with 
certainty that the vacuum tube is 
on its way out. We trace this revolu- 
tion directly to the Bell Telephone 
Laboratories and the tiny device 
they developed called the Tran- 
sistor, 

Transistor electronics is an out- 
growth of physical research in the 
field of semi-conductors. Semi-con- 
ductors are so named because their 
electrical properties are intermedi- 
ate between metals and insulators. 
They are defined as crystals which 
are insulators at absolute zero, but 
which, at higher temperatures, have 
an electronic conductivity that in- 
creases exponentially with the tem- 
perature. The semi-conductors used 
in transistors—silicon and german- 
ium—form what are called covalent 
crystals wherein the atoms are 
held together by covalent bonds 
formed by the valence elec- 
trons. In covalent crystals the atoms 
are held together by “electron-pair 
bonds” formed by the valence elec- 
trons. We can understand this type 
of bonding better by considering 
the covalent bond in the hydrogen 
molecule which is the simplest elec- 
tron-pair bond. The single electron 
in the hydrogen atom moves about 
the single proton in its orbit or 
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quantum mechanical wave function. 
In an isolated hydrogen atom this 
wave function has spacial sym- 
metry. However, when two such 
atoms are brought together there is 
an interaction of the wave functions 
thus distorting the symmetry. The 
result is to produce an added ac- 
cumulation of charge between the 
two portions which serves to bind 
them together in the stable covalent 
bond. Electrons may be ejected 
from a bond by external means such 
as introducing an electric field or 
allowing radiation to fall on the 
crystal. Such ejected electrons move 
about in a region of completed bonds 


Type “A” transistor. 
Bell Laboratories 


and consequently are free to move 
in random fashion or in a prescribed 
path if under the influence of an 
electric field, thus constituting an 
electric current. 

Basic to the work on transistors is 
the theory that electrons can carry 
current in two ways: one, conduc- 
tion by excess electrons; the other, 
deficit conduction, or conduction 
by holes. An electron deficit, a hole, 
is a net localized positive charge in 
the crystal which moves because of 
the motion of valence electrons. 

An everyday analogy may prove 
useful to explain the mechanism. 
Suppose a garage floor is completely 
filled with cars except for a space 
created by a missing automobile. In 
the analogy the cars represent elec- 
trons and the space the hole. Every 
time a car moves into the space it 
leaves behind it the space it just 
occupied. A series of such move- 
ments by the automobiles would 
serve to move the vacant space all 
over the floor. In the same way, an 
electron filling a hole leaves behind 
it a new hole and thus these positive 
charges acquire motion within the 
crystal. The holes contribute to the 
current by their motion and drift in 
such a direction as to increase the 
conventional current caused by elec- 
tron movement. Whenever an elec- 
tron drops into a hole, both hole 
and electron vanish leaving a com- 
pleted bond structure. 

For practical purposes it is de- 
sirable to have a surplus of either 
holes or electrons rather than an 
equal number of each, for equality 
in numbers would result in cancella- 
tion of charge and termination of 
conduction. Fortunately, by the ad- 
dition of certain substances to the 
semi-conductor it is possible to in- 
duce a situation of excess electrons 
or holes. For example: arsenic yields 
an excess of free electrons; boron 
causes an electron deficit or surplus 
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Figure 2. (Top) A circuit using a transistor for amplification. (Bottom) a similar circuit 
which uses a vacuum tube for the same purpose. 


of holes. If the conductivity of a 
semiconductor is due to excess elec- 
trons it is called n-type; if due to 
holes it is named p-type, the n and 
p referring to negative and positive. 

The transitor’s usefulness depends 
on its ability to amplify electric sig- 
nals. The amplification process de- 
pends a good deal on the physical 
placement of the transistor com- 
ponents. The type-A transistor, 
which was the first model experi- 
mented with, has three electrodes in 
contact with a piece of germanium. 
See Fig. 1. Two of the electrodes 
are of the point contact type, the 
third is a large surface, low resist- 
ance contact on the base of the 
germanium. One point contact is 
called the emittor, the other the 
collector; both titles refer to the 
transmission of current through 
passage of electrons or holes. It has 
been found that the current in the 
forward direction (emitter-german- 
ium-collector) consists largely of 
holes and that the flow of holes from 
emitter into collector may alter the 
normal current flow from base to 
collector so that the change in col- 
lector current is Jarger than the 
change in emitter current. 

The physical basis of this action 
is the mutual influence exerted 
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when two points such as the emit- 


tor-collector system are in close 
proximity. The collector current 
produces a field which attracts the 
positively charged holes flowing 
from the emitter so that a large part 
of the emitter current flows to the 
collector and thence into the col- 
lector circuit. This area of mutual 
influence has been named the “area 
of interaction” and therein lies the 
possibility of amplification. A basic 
amplifying circuit for the transistor 
is shown in Fig. 2. A similar circuit 
for vacuum tube amplification is 
provided in Fig. 2. 


Disproves Surface Phenomenon 


During the course of further ex- 
perimentation the observation was 
made that amplification could be 
obtained if the emittor and collector 
points were placed on opposite sides 
of a germanium wedge. The slice of 
semi-conductor is ground so that it 
resembles a double concave lens 
in shape and the contacts are placed 
in line at the narrowest portion of 
the wedge. Success with this type 
of transistor disproved an earlier 
belief that the current from emitter 
to collector was a surface phenome- 
non and thus helped stablize the 
theoretical aspect of transistor and 


semi-conductor phenomena. A di- 
rect result of the in-line-positioning 
of the contacts was the develop- 
ment of a coaxial transistor. In this 
type, the two contacts are each a 
separate unit which screws into the 
center piece which holds the ger- 
manium wedge. A third and the 
most recent type of transistor to 
appear is the junction type about 
which more will be said later. 

So far, the extravagant statement 
with which this article opened has 
been justified with little more than 
a description of the novel feaures in 
construction and theory of the 
transistor. 

Vacuum Tubes Inaccurate 

To start, we may consider vacuum 
tubes both from the viewpoint of 
individual electronic devices and 
from the industrial stancpoint. It 
should be stated right at the start 
that vacuum tubes have never been 
perfected past the point where rela- 
tively large tolerances in individual 
tube performances are expected and 
tolerated. No matter how painstak- 
ing the construction of special tubes, 
there are branches in the communi- 
cation field where tubes are not 
good enough to be used. As an ex- 
ample, the telephone system in two 
special functions, central office 
switching and signal amplification 
on local lines, cannot use electron 
tubes because they are not suffi- 
ciently dependable. Note should be 
taken at this time that the type-A 
transistor will be put into trial use 
in the Bell system next year for 
specific use in certain complex 
switching mechanisms previously 
referred to. 


Even at this relatively early date 


Figure 1. Schematic representation of flow 
of electrons and holes in a transistor. 
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in the history of this device much 
performance data is available and a 
direct comparison with vacuum 
tubes is possible in many considera- 
tions. Mention was made previously 
of amplifying circuits in which the 
transistor is used in place of a 
vacuum tube. In analogous fashion 
to vacuum-tube theory, circuit 
parameters, equivalent circuits and 
many of the other calculating aids 
have been developed for transistors. 

The vacuum tube is inherently 
short-lived and unreliable. Most of 
its shortcomings are accentuated by 
the price competition in the elec- 
tronics industry which necessitates 
skimping on quality in the interest 
of less expensive production. Bell 
Laboratories have already built 
transistors of the original type 
which are as uniform in production 
as vacuum tubes. Transistors can 
withstand shock and vibration much 
better than any known vacuum 
tubes and have anticipated service 
lives considerably longer than those 
of commercial tubes. Great stabil- 
ity has been achieved with the junc- 
tion type transistor whose intrinsic 
construction features make possible 
the durability mentioned above. 
The electrical contacts in this tran- 
sistor, are between one p-type ger- 
manium wedge sandwiched between 
two n-type wedges. The electrical 
contact is of the large surface var- 
iety and the conduction action takes 
place over a large area; less power 
is consumed, the delicate point con- 
tact is eliminated, and more efficient 
operation is achieved. Finally, the 
tiny unit is encased in a plastic bead 
which shields the whole mechanism 
from any external physical stresses. 

The mention of power consump- 
tion brings to mind one of the most 
outstanding features of the tran- 
sistor and a point of great dissimi- 
larity when comparing it with elec- 
tronic tubes. The transistor has no 
glass envelope and no vacuum; it 
has no heating element to cause 
both warm-up delay and heavy 
power consumtion. In consequence, 
the power consumed by a transistor 
is amazingly low—actually less than 
one-tenth of that used by an ordin- 
ary flashlight bulb. The new junc- 
tion type transistor operates on one- 
millionth of a watt, while conven- 
tional tubes consume power on the 
order of a full watt. Since the signal 
level in modern equipment is ap- 


Vol. 17, No. 3 


proximately one millionth of a watt 
this means that the transistor uses 
power of the same magnitude as the 
signal it produces, which is amaz- 
ingly efficient operation. The im- 
portant distinction between tran- 
sistors and tubes, of course, is that 
no power is needed to free the elec- 
trons or holes within the semi-con- 
ductor. Power gains of the order of 
40-50 decibels per stage have been 
obtained. This is better than a com- 
parable performance by conven- 
tional tubes. Specialization within 
the transistor family has already be- 
gun with special designs such as 
power transistors accomplishing 
specific electronic tasks much the 
same as that which has been done 
with vacuum tubes. 


Smaller Components Needed 


Along with excessive power con- 
sumption, another great problem in 
vacuum tube electronics is the rap- 
idly increasing size of electronic 
equipment. As the design of such 
equipment becomes more complex 
its size also increases to the point 
where it becomes excessively cum- 
bersome, with a consequent dimin- 
ation of its practical value. This sit- 
uaiton has resulted in reduction of 
size of equipment by the use of 
printed circuits, miniature tubes, 
resistors, and other circuit para- 


meters, and cutting down on empty 
space within the layout of the de- 
vice. 

This however, intensifies another 
major problem, that is, the heat 
created by the incandescent fila- 
ments which are the source of the 
conduction electrons. The miniature 
sets use the same amount of power, 
but with less space for heat dissi- 
pation they heat up so much that 
areas within the equipment reach 
temperatures greater than 400°F. 
This in turn creates the problem of 
special construction utilizing heat 
resistant materials and also the 
more rapid deterioration of equip- 
ment as a result of heating effects. 
Obviously this is an unhealthy situ- 
ation but one which can be con- 
siderably improved by using tran- 
sistors in place of vacuum tubes. A 
typical transistor occupies approxi- 
mately .002 cubic inches while the 
smallest sub-miniature tube with 
all its disadvantages is about one- 
eighth cubic inch in volume. Thus 
we can visualize sets thirty to fifty 
times smaller than present minia- 
tures, requiring almost no power at 
all and operating longer, more con- 
sistently, and with less sensitivity 
to shock and vibration while in use. 

It would be unfair to emphasize 
the obvious advantages of the tran- 

(Conitnued on page 44) 


Comparison between junction type transistor and miniature vacuum tube. 
RCA Color TV Tube. 
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RECENT DEVELOPMENTS 
IN ENGINEERING 


Techni-Briefs 


Color TV Battle 


The battle over “whose color tel- 
evision gets the nod” from the 
FCC was recently begun again by 
the Radio Corporation of America 
and the Columbia Broadcasting 
System. In 1950 both RCA and 
Columbia came out almost simul- 
taneously with systems for color 
television. The Columbia system of 
a mechanical color wheel was ap- 
proved early this year by the FCC 
“with reservations,” after many 
tests and verbal battles between 
the two companies. 

RCA, claiming that the color 
wheel system has certain limitations 
such as inability to pick up black- 
and-white signals, inability of ex- 
isting black-and-white sets to pick 
up Columbia signals, possible mech- 
anical difficulties and inconven- 
ience due to the color wheel; and 
indirect viewing, has reentered the 
battle with a new, direct view, color 
television tube, which has eliminat- 
ed the haze and fuzziness which pre- 
vented the FCC from accepting the 
RCA tube before. 

The new RCA tube is very simi- 
lar in appearance to a standard 
black-and-white tube, but has cer- 
tain modifications of radio circuits 
and additional tubes in the cabinet 
to help the color tube perform its 
function. There were two types of 
tubes originally, one using a single 
electron gun to “paint” the pictures, 
the other using three guns, geared 
magnetically to actuate each of the 
three primary colors on the face of 
the tube. Both tubes have color 
dots on the face of the tube, old 
models having 117,000 dots of each 
primary color, newer models having 
considerably more. It is in fact this 
increase in the number of dots, 
along with certain modifications of 
the circuits and radio tubing, which 
has eliminated the haze and improv- 
ed the resolution which were objec- 
tionable in the early models. 

The biggest advantages of the 
RCA tube are that it can receive 
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black-and-white signals without 
modification, and that standard 
black-and-white sets can receive 
RCA signals without modification. 


Silicone Rubbers 

fn recent investigations by the 
Bureau of Standards, under the 
joint sponsorship of the Offices of 
Naval Research and the Quarter- 
master Corps, it has been shown 
that silicone rubbers, designed es- 
pecially for high temperature use, 
have better low temperature prop- 
erties than any synthetic or natural 
rubber studied thus far. This con- 
clusion is based on the extreme low 
limit of the second order transition 
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The silicones’ limit was -123°C 
(-189°F). However, many of the 
silicones underwent a change of 
phase at about -70°C (-94°F) 
which altered their properties con- 
siderably. There was one variety, 
however, which did not undergo 
this change, and it is believed that 
this material will be useful at 
temperatures ranging from -100°C 


(-148°F) up to 200°C (400°F). 
Radioactive Cobalt 


Powerful, “supervoltage” rays of 
radioactive cobalt will soon be 
studied as a possible new aid to 
cancer sufferers. Special apparatus 
for administering the rare isotope 





+18000 VOLTS 
(FINAL ANODE) 


Radio Corporation of America’s new all electronic color TV tube. 


temperatures of the silicones (i.e. 
the temperatures where the sililcone 
rubbers lose their rubber-like prop- 
erties). 

In recent years the need for 
elastic fitting on arctic equipment 
and high altitude aircraft has 
prompted research into the search 
for a rubber which will not lose its 
elastic properties at sub-zero temp- 
eratures. The ordinary limit of 
elasticity in natural and synthetic 


rubbers is about -50°C (-60°F). 


—RCA 


will be delivered at Oak Ridge In- 
stitute of Nuclear Studies and M. 
D. Anderson Hospital within the 
next few months by General Elec- 
tric X-Ray Corporation of Milwau- 
kee. 

The radiation emitted by cobalt 
60, as it is known, is equivalent to 
the x-rays of a 1,200,000 electron 
volt x-ray tube. While cobalt 60 has 
been tested on cancer patients be- 
fore, this new apparatus makes 

(Continued on page 48) 
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Harry 
Harry Henriques 


The ChemE school seems to have 
a special attraction for versatile 
fellows—especially guitar players. 
Harry Henriques, one such young 
man, has an interesting range of 
talents and accomplishments. 

Harry is one of those people who 
“just happened to come to Cornell” 
for engineering, not really knowing 
what he was getting into. He had 
considered studying at M.I.T., but 
a state scholarship to Cornell and 
a perfect score on his high school 
chemistry regents exam pretty well 
decided his college career for him. 
Harry graduated from high school 
in 1944, but his matriculation at 
Gornell was delayed by several 
years’ service in the Army, during 
which he saw quite a lot of New 
York City and various parts of 
Texas. 

Having distinguished himself in 
high school track meets in Pelham, 
N.Y., Harry continued this activity 
at Cornell. He has run cross-country 
and the half-mile for the last four 
years. This year he is serving as 
assistant track coach along with 
Charley Moore. 

His scholastic ability was recog- 
nized by Tau Beta Pi, while his 
extra-curricular activity on cam- 
pus resulted in membership in Pros- 
Ops, of which he is secretary-treas- 
urer. This year, as president of his 
fraternity, Alpha Sigma Phi, he will 
have little trouble making good use 
of his spare time. 

Most of Harry’s summers have 
given him little opportunity for 
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mental relaxation. He has been 
bell-hop and desk clerk at a New 
Jersey hotel for several summers, 
though he was employed by a chem- 
istry plant in Massachusetts one 
summer. 

Harry is double-registered in the 
business school this year. He is def- 
initely not interested in research or 
sales work after graduation, but 
hopes to go into production work. 
Other than that, he has no particu- 
lar ambition—except that he hopes 
to avoid any further military ser- 
vice. 


Tom Nuttle 


At some point in an undergrad- 
uate’s college career, he can prop- 
erly look back on his years in Col- 
lege and evaluate his accomplish- 
ments. Tom Nuttle, who graduates 
this February, is now in a position 
to do just that. 

There are three general classes 
of activities which a student can 
devote himself to at Cornell: scho- 
lastic, extra-curricular and frater- 
nity-sponsored programs. Tom has 
done remarkably well in all three 
as attested by his numerous 
achievements. 

As a freshman Tom entered the 
School of Engineering Physics arm- 
ed with a Cornell National Scholar- 
ship. However, he soon discovered 
that his interests lay in the more 
practical technical applications of 
the civil engineer rather than the 
theoretical work emphasized in the 
Engineering Physics program and 
consequently transferred to the 
C.E. School. If election to Tau Beta 
Pi and Chi Epsilon, the civil engin- 
eering honorary, means anything, 
then it would be safe to say that 
his decision was a wise one. 

Tom has an outstanding record in 
Cornell athletics too, displaying 
in particular an avid affinity for la- 
crosse. He has served as captain of 
both the frosh team and varsity, 
and won the Larry Woodworth La- 
cross Trophy last year which is 
given to the outstanding member 
of the varsity squad. He culminated 
his athletic career by being chosen 


to the North Squad in the annual 
North-South All-Star Lacrosse 
game this year. 

On campus, Tom was chairman 
of the Student Council Election 
Committee in 1948-49 and sub- 
Chairman of the Frosh Orientation 
Committee in 1950-’51. In recogni- 
tion of these achievements he was 
chosen to Red Key and Sphinx 
Head, junior and senior honor so- 
cieties for men. 


Tom is also a member of Phi 
Gamma Delta fraternity and has 
served as house treasurer and sec- 
retary in the past two years. 

As his senior project, he worked 
on the Navy-sponsored project in 
aerial photography under the fac- 
ulty direction of Professor Belcher 
of the Civil Engineering School. 
Unfortunately, Tom’s immediate 
plans preclude employment in a 
civilian engineering field as he en- 
tered the ROTC program here, and 
expects to be commissioned in the 
active reserve this June. It seems 
certain, though, that after serving 
Uncle Sam, Tom will find no trouble 
in making his way in industry and 
business. Certainly, his excellent 
record compiled at Cornell would 
indicate that whichever direction 
his interests lie in his efforts will be 
successful. 
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Presidents Message 


In the year to come, I hope that the under- 
graduates find a great softening in the hearts of 
the faculty. I hope that before each examination 
they find they have in some unknown way gained 
a great intuitive knowledge of the subject. May 
their houseparties always turn out to be as good 
as they expect them to be. May their extra-cur- 
ricular activities turn out to be most successful. 

May the Seniors find it most difficult to bust 
a course. May their last spring at Ithaca be most 
beautiful. May the hot and cold wars end. If you 
go into the Service, I hope it will be just the 
branch you prefer and that you get to be generals 
and admirals at the earliest opportunity. Then 
may you find a good job at high pay with the best 
company in the world. May you always keep up 
your membership in the Cornell Society of En- 
gineers. 


Not to forget the Professors, here’s hoping 
they will find the students brighter than ever. 
May they discover a type of examination paper 
which will correct itself. May the University’s 
income grow and grow and their salaries with it. 


For the Alumni, may your income and your 
profits go up and your taxes come down. May 
your man win the election in ’52. It’s my hope 
that you get the best seats for all the football 
games next fall and see the Cornell team win all 
its games. 


That seems to be the best message I can give 
you in December of 1951. Of course, at the same 
time I would like to wish you a very Merry Christ- 
mas and a Happy New Year. 


Fred C. Wood 
THE CORNELL ENGINEER 








Alumni News 





William Metcalf Jr., C.E. ‘01, is 
vice-president and director of Wyc- 
koff Steel Co. and a director of 
United Engineering & Foundry Co. 
He lives at 642 Grove Street, 
Sewickley, Pa. 


Frank M. Masters, M.E. ‘05, has 
published in Civil Engineering for 
October, 1951, an article on the 
recently-opened Penrose Avenue 
Bridge in Philadelphia. The new 
bridge replaces an old span which 
was unfit because of an accident in 
1947. It is two miles long, and per- 
fectly straight. 

The Penrose Avenue Bridge 
crosses the lower Schykill River in 
Philadelphia near the port facili- 
ties, and is near the Philadelphia 
International Airport. The total cost 
of the structure was $12,000,000. 


Hinman B. Hurlbut, C.E. ‘01, of 
819 Bloomfield Avenue, Montclair, 
N. J., retired from Government ser- 
vice in June, 1948. He was airways 
engineer with the Civil Aeronautics 
Administration. 


I. Seeley Jones, M.E. ‘06, retired 
in September, 1949, as office engi- 
neer in the signal department of 
Northern Pacific Railway in St. Paul, 
Minn., after thirty-five years with 
the company. He lives at 1407 
North Avenue 47, Los Angeles 42, 
Cal. 


Albert E. Frosch, C.E. ‘09, is civil- 
ian chief and special consultant to 
Brigadier General Joel B. Holmes, 
commanding general of the Ord- 
nance Ammunition Center Joliet 
Arsenal, Joliet, Ill. Frosch’s address 
is 410 North Raynor Avenue, Joliet, 
Hl. 


James W. Cox, M.E. ‘09, consult- 
ing textile engineer, has been ap- 
pointed representative of the Amer- 
ican Society of Mechanical Engi- 
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neers on the foreign relations com- 
mittee of the engineers joint coun- 
cil of the five engineering societies. 
His address is 40 Worth Street, New 
York City 13. 


Harry Livingston Freeman, M.E. 
‘10, is now working on the problem 
of natural gas distribution for the 
Southern Natural Gas Co. in Birm- 
ingham, Alabama. He finds time to 
be active in the Engineers Club of 
Birmingham and serves as the so- 
ciety’s engineering council chair- 
man. After many years as an in- 
structor at Mississippi State College 


and service in two wars, Harry “re- 
laxes” in his completely equipped 
machine shop doing woodworking. 
His address is 1328 Nineteenth 
Street, Birmingham 3, Alabama. 


W. Bruce Caldwell, M.E. ‘12, was 
recently elected president of Borg 
Warner Corp. Calumet Steel Di- 
vision, Franklin, Pa. He was vice- 
president and general manager of 
both divisions. His address is 6939 
South Crandon, Chicago 49, Ill. 


Frederick Ohrt, C.E. ‘11, has been 


elected Honarary Member of 
A.S.C.E. His main work for the past 
quarter-century has been conserva- 
tion of water resources on Pacific 
Islands. 

He was born in Hawaii when it 
was still a kingdom, attended the 
University of Oregon briefly, and 
received his C. E. degree at Cornell. 
He completed graduate work at 
M.1.T. 

During his career in Hawii he has 
been resident engineer on a three- 
mile water tunnel project, sanitary 
engineer for the Territorial Board 
of Health, chief engineer for the 
City and County of Honolulu, con- 
sulting engineer for harbor facil- 
ities, and chief engineer for the 
Honolulu Sewer and Water Com- 
mission on modernizing the sewer 
and water systems. 

Mr. Ohrt, as chief of the Board 
of Water Supply for Honolulu since 
1929, has been responsible for 
much research and construction. 
He has written several papers on 
salt-water intrusion, and during 
the Second World War was a con- 
sultant for the Navy at Guam, Sai- 
pan, Tinian, and Iwo. 

He is active in promoting better 
government for Hawaii, and is re- 
sponsible for the present laws on 
civil service, classification, and the 
government retirement plan. He 
joined the A.S.C.E. in 1918, and 
helped to form the Hawaii Section 
in 1938. He is also a past president 
of the Engineering Association of 
Hawaii. 


Joseph S. Thomas, M.E. ‘27, is 
director of purchases for Armco 
Steel Corp. and his address is 311 
The Alameda, Middletown ,Ohio. 


H. L. Prescott, E.E. ‘35, of the 
Transformer Division of the West- 
inghouse Electric Corporation is the 
author of an article entitled, “Par- 
allel Tap Changing under Load” 

(Continued on page 46) 
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Rocket Planned 


Among their many and varied 
accomplishments, Cornellians will 
soon be able to say that they have 
a group among them that actually 
builds and flies rockets. The Cor- 
nell Rocket Society has a rocket in 
the planning stage and hopes to 
complete and test it by June 1953. 

At a meeting November 13, Bill 
Escher, President, and Ralph Zag- 
anailoff, Project Chairman, explain- 
ed the basic plan of the rocket, a 
seven foot liquid propelled rojectile 
using an alcohol-water mixture and 
oxygen as fuel. Its design and con- 
struction will be split into separate 
phases, with different members 
working on such specialized parts 
as metallurgy, thermodynamics, 
and stabilization and control. Sever- 
al of the specifications have already 
been estimated—the weight filled: 
100 pounds—the fuel weight: 50 
pounds—the thrust: 300 pounds. 
Although Professor Martinuzzi, the 
club’s advisor, expressed doubts 
that a rocket of the size planned 
would be able to carry 50 pounds 
of fuel, he said the rocket is defi- 
nitely feasible and will offer ex- 
cellent opportunities for fifth-year 
engineers desiring a_ stimulating 
project. 

At this same meeting, a film 
showing the assembly and firing of 
V-2 rockets was shown. Before the 
film, Mr. Escher gave an excellent 
description of the workings of the 
V-2, enabling those present to 
better understand the film. 


Steel framework of the new materials laboratory, under construction between Campus 
Road and Cascadilla Gorge. 


New Materials Lab 

Work on Thurston Hall, the new 
Materials Laboratory, is progres- 
sing rapidly. When completed, the 
building will house Engineering 
Materials, Engineering Mechanics, 
and Structures Research groups. In- 
cluded are special laboratories de- 
signed to study the dynamic proper- 
ties of materials and structures. Un- 
like the usual structures laboratory, 
which provides for a single large 
testing machine, Thurston Hall will 
include a_ specially constructed 
wing. This wing, approximately 
sixty feet wide, sixty-five feet deep, 
and fifty feet high, will serve as a 
test cell in itself. Anchorages and 


Schematic diagram of the Rocket Society’s Rocket. 
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buttresses will be included as an in- 
tegral part of this cell that will 
permit loading from all directions 
and at all points of the cell. Weigh- 
ing capsules will also be movable so 
that an entire structure may be test- 
ed at full scale. This makes it pos- 
sible to test assembled bridges, 
structural frames, and even com- 
plete buildings under both dynamic 
and static loading. 


EE Panel 


On the campus, student members 
of four engineering organizations 
presented a panel discussion before 
freshmen electrical engineers. They 
discussed the present and future 
influences that their groups would 
exert on their members. Those 
present and the groups they rep- 
presented were; Roger Thayer, Tau 
Beta Pi; Herm Hanemann, Eta 
Kappa Nu; Mert Meeker, A.I.E.E.; 
and Ed Messenger, I.R.E. 


Jorrissen Appointed Head 
Professor Andre L. Jorrissen has 
been appointed head of the Depart- 
(Continued on page 30) 
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The complete Roebling line meets every 
transmission, distribution and service need 


ROEBLING is the best-known name in the whole 
field of wire and wire products... and from 
their copper conductors to their protective jackets, 
Roebling electrical wires and cables are produced 
entirely in Roebling plants. There’s a complete line, 
too... more than sixty standard types representing 
the best that is known today in materials and con- 
struction... assuring maximum dependability and 
utmost economy on the job. 


And here’s another important fact: many Roebling 
electrical wires and cables afford special advantages 
to users. One type of cable, for example, brings sub- 
stantial savings in installation costs. Another type, 
due to extras built into it, lasts longer and saves re- 
placement dollars . .. Outstanding today, the staff of 
Roebling’s research laboratory works continually to 
assure even better products tomorrow. John A. 
Roebling’s Sons Company, Trenton 2, New Jersey. 
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Editorial 


During the past few years, the question of 
academic freedom on the campuses of universities 
has risen once again. First, there was the harsh 
scrutiny of educators who allied themselves with 
secret government projects; but these investiga- 
tions are probably justifiable since government 
agencies have a right to hire only those personnel 
who may be entrusted with secrets of state. But 
this search into the background and history of 
educators has extended its reach onto the cam- 
puses themselves, where the position of every 
faculty member can be placed in jeopardy, ac- 
cording to his past associations and political phil- 
osophies, whether or not he continues with these 
associations or practices his beliefs. To go further, 
the boards of trustees of some universities prohibit 
some speakers from even appearing on their cam- 
puses, because of questionable political alliances. 


Campus newspapers and prominent persons 
have decried these deplorable conditions; have 
pointed out this gross transgression of human 
rights; have argued that the university as the 
stronghold of knowledge must not allow itself to 
be dragged into current petty political conflicts. 
No doubt there is much validity in their argu- 
ments. But we wonder how this strikes the aver- 
age student; whether the distinterested under- 
graduate regards his university as a citadel of 
academic freedom. Does he actually believe in 
these theories of the university? We think not. 


For in his position, facing compulsory at- 
tendance, unyielding professors, and often seem- 
ingly worthless courses, the university he deals 
with in his everyday life falls short indeed of the 
vision of the last-ditch fortress of freedom he 
reads about in his campus newspaper. 


Therefore, while academic freedom, the free- 
dom of a university and its faculty, is indeed a 
virtuous goal to be attained, its attainment may 
only be the epitomy of hypocracy to the students, 
who are allowed a minimum of choice, and fall 


prey to the tyranny of compulsory attendance at 
classes. 

Why is this compulsion necessary? It cer- 
tainly does not encourage maturity in the student 
if he is to be spoon-fed. Nor is his knowledge in- 
creased if the instructor only repeats what has 
been said much more clearly in the textbook. 
Moreover, one can read at the rate of about 350 
words per minute, but can only speak at the rate 
of about 120 words per minute. Thus, a student 
can accomplish much more by reading than by 
listening. And too often, professors, knowing their 
students are trapped, do not attempt to inspire 
them, and do not bother to go any further into 
the subject than the course text. Except for the 
student who needs constant repetition to remem- 
ber, these classes are a total failure. 

Were class attendance made noncompulsory, 
a drop in attendance would indicate that the pro- 
fessor’s lectures could stand improvement, and 
realizing these shortcomings, he could take the 
necessary steps to improve them, to the benefit 
of himself and his students. 

In certain courses where attendance is requis- 
ite to a proper understanding, as occurs in engi- 
neering, we can safetly rely on the student’s 
maturity to attend these classes, for one of the 
prime objects of university life, that being the 
development of a sense of responsibility, should 
dictate a sensible attitude towards class attend- 
ance. 

We think that it is about time that students 
received academic freedom; we see no reason why 
a good student, doing well in his work must be 
forced into attendance. And we think that stu- 
dents should be freed from the slavery of being 
hypnotized to sleep by dull speeches, and, by the 
same token, be given the opportunity of develop- 
ing self-reliance. We think that noncompulsory 
attendance will serve only to improve the welfare 
of the students, faculty, and the University. 

G.S 
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For engineers 
who like 
challenging work 


Meeting this country’s civilian and military 
production needs is providing an endless vari- 
ety of problems to challenge the best of engi- 
neering brains. 


Here at Western Electric, as in all big manu- 
facturing concerns, the job calls for the pooling 
of special skills by mechanical, electrical, indus- 
trial, chemical, metallurgical and other engi- 
neers—to come up with the right answers. 


The primary job at Western Electric—the 
manufacturing unit of the Bell System—is to 
make the thousands of kinds of telephone equip- 
ment needed to keep this country’s telephone 
service going and growing. Many of these prod- 
ucts are so tiny or so unbelievably complex— 
calling for such precision—that you’d think 
they could be made only by skilled technicians 
working under closely controlled laboratory con- 
ditions. Yet Western Electric engineers devise 
machines and techniques which enable workers, 


A UNIT OF THE BELL 
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after a short training period, to turn these 
things out under factory conditions. There’s a 
real kick in doing work like that! 


And, because of the specialized experience 
gained in our regular telephone job, Western 
Electric is also working on many important 
communications and electronic equipment proj- 
ects for the Armed Forces. Such things as radar 
fire control systems for the Navy’s biggest guns 
and for anti-aircraft guns—radar bombing sys- 
tems for America’s largest planes—multi-chan- 
nel radio sets for all types of military aircraft — 
electronic marvels to launch, guide, and explode 
the latest guided missiles—provide opportuni- 
ties galore for creative production planning. 


Both of Western Electric’s jobs—telephone 
and military —are vital to this country’s present 
and future strength. Both are filled with chal- 
lenges for the best engineers of today and 
tomorrow. 
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Aerodynamic Theory 


(Continued from page 10) 


ranges of pressure and temperature, 
and rates of physical change, where 
the physicist and chemist have not 
yet provided accurate basic data. 
In our own laboratory here on the 
campus, for example, we are propa- 
gating shock waves at 17 times the 
speed of sound; these waves are so 
strong that the gas behind them 
reaches 30,000°F. The shock wave 
is in this case a tool to permit study 
of physical and chemical properties 
of gases at very high temperatures 
and undergoing rapid changes of 


Figure 8. Shock-wave boundary inter- 
action on a wing at high subsonic flight 
speed. 

—Photo by H. Ashkenas 
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Figure 9. Reynolds’ experiment. In (a) the stream is laminar as indicated by the steady 
dye filiment. In (b) the stream velocite has been increased and turbulence has ap- 
peared. (c) Spark photograph of case (b), showing the instantaneous flow pattern. 


state. 

I should say there is one more, 
equally important area of basic re- 
search in aerodynamics, and that is 
one I have completely neglected so 
far in this article. It is the phe- 
nomenon of turbulence and the 
aerodynamics of turbulent flows. 
The word turbulence is used to 
describe the completely irregular 
flow that occurs in pipes carrying 
water at high speed, and in many 
other practical setups. It is due to 


the small, but nevertheless im- 
portant, viscosity of a fluid. You 
have all seen something similar in 
watching the smoke of a cigarette 
rising in still air. It rises steadily in 
a smooth filament for a while, and 
suddenly breaks up into a confused 
and irregular eddying motion. 
Figure 9 shows three sketches of 
Osborne Reynolds’ famous experi- 
ment on flow of water in a tube. If 
(Continued on page 28) 





tion, etc. 


and durability. 


another. 





without Downtime or 
C. H. Wheeler Reverse Flow Condensers are “Self-Cleaning”. Electrically, hydraulically or 
manually operated sluice gates within the condenser reverse the flow of water in the 
tubes to flush debris and marine growth away from tube sheets. 


that there are Vacuum Pumps with No Moving 
Parts ... and often requiring No Extra Power & 
C. H. Wheeler Tubejets convert waste steam into useful vacuum for pumping, refrigera- 





that you can Clean Condenser Tube ee 


that a Cooling Tower can be Built to Blend with ia 


Building—or to Stand Alone against Hurricane Winds a 
C. H. Wheeler Water Cooling Towers may be sheathed with any building material to 
harmonize with an architectural plan. Sturdy construction is guaranteed for performance 


that Material will Grind Itself into Particles 100 


Times Finer than the Human Eye Can Sees 
C. H. Wheeler Fluid Energy Reduction Mills reduce materials to sub-micron particle sizes. 
Material is conveyed by air, steam or any gas or vapor in a closed circuit at supersonic 
speeds causing particles to reduce th Ives by 





Bulletins mailed on request. 


19TH & LEHIGH AVENUE, PHILA. 32, PA. 
DIVISION OF HAMILTON-THOMAS CORP. 


Loss of Pressure s&s 


ted shattering contact with one 
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Behind Every Success There’s 


PLANNING 


by H. V. FULLER, Supt. Time Study and Planning Dept. 


General Machinery Division, ALLIS“-CHALMERS MANUFACTURING COMPANY (Graduate Training Course 1939) 


ht is an important part of man- 
ufacturing machinery—and of build- 
ing a career, too. This planning, however, 
must be based on information and ex- 
perience. You don’t always have all the 
facts about industry that you need at the 
time you leave engineering school and 
Start planning your own future. At least, 
that’s the way it was with me when I got 
my degree in Mechanical Engineering at 
University of Wisconsin in 1936. 


engineering drawings and material specifi- 
cations. And from this data we plan the 
sequence of manufacturing operations— 
determine the equipment and tooling 
required, and set up time standards for 
each operation. 

You can get some idea of the volume 
of work from the fact that our West Allis 
Machinery Division shops ship an aver- 
age of eight million pounds of finished 
machinery per month—representing a 


New 30-ft. boring mill now operating in Allis-Chalmers’ West Allis shops. It supplements 
older, slower 40 ft. mill, and greatly increases capacity on big, heavy work. Both mills are 
scheduled practically around the clock, seven days a week. 


I took a job with a big manufacturer, 
but within a year the work I was doing 
ended, and my employers referred me to 
the Allis-Chalmers Graduate Training 
Course. I enrolled in 1937—and then my 
knowledge of industry really began to 
grow. There was the usual round of the 
plant—shops, offices, various departments 
—where I saw a wide range of work at 
first hand. I worked with steam turbines, 
pump testing, and on the electrical test 
floor. About half way through the two- 
year course I got really interested in the 
manufacturing side of the business. After 
four months of plant layout work I went 
to the Time Study and Planning Depart- 
ment, and finished out my course there in 
1939. In 1945 I became Superintendent. 


This Is the Starting Point 


In this department we really start the 
manufacturing operation. We’re given the 


ALLIS-CHALMERS 
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range of products from small V-belt 
sheaves to massive crushers, steam and 
hydraulic turbo-generating units, cement 
kilns, sewage pumps, motors, flour mills, 
and power transformers. 


Look Before You Decide 


As a Graduate Training Course engineer 
here you may become interested in manu- 
facturing. There’s a great need for trained 
engineers in this work. Or, you may find 
your interest lies in some other field— 
designing, research, sales, personnel, ser- 
vice anderection. Inanycase,theGraduate 
Training Course gives you a chance to 
look them all over, gain practical first- 
hand experience, plan your career on a 
sound basis of knowledge. 


Do Your Own Planning 


The course is flexible—you help plan it 
yourself and can change it as new interests 
or opportunities develop. There’s no other 
spot in industry that offers such a wide 
range of experience—so many choices for 
a career. 

LA 7 7 


If you want to get further details as to 
qualifications, salary and operation of 
the course, get in touch with any Allis- 
Chalmers district office. Probably the 
manager was a G T C himself. Or, write 
for literature. 


Sg 


One of the three 6000 
kw 3-machine Allis- 
Chalmers motor-gen- 
erator sets in large 
Eastern steel mill. 
These units provide 
direct current for 
motors driving 68- 
inch hot strip mill. 


a 


Allis-Chalmers Manufacturing Company, 
Milwaukee 1, Wisconsin 





MISSION OF MERCY. Here, a Naval medical officer 
is being hoisted aboard a helicopter to bring 
quick medical aid to an injured sailor on another 
ship. All-out defense requires vast quantities of 
steel. And U.S. Steel’s capacity, far larger now 
than ever before, is being still further expanded 
to help meet both defense and everyday needs. 


WHEN TIN ISN'T TIN. This young man’s baby food SIPHON WITH A STEEL THROAT. Extending around the north end of Soap Lake 
comes to him perfectly protected against con- in the Grand Coulee area, this huge siphon, more than 22 feet in diameter, 
tamination by airtight “tin’’ cans. But those tin will carry irrigation water from an elevation of 1320 feet down into a 


cans are really steel cans... about 97% steel, 215-foot dip in the land’s profile, and up again to an elevation of 1301 
with a very thin coating of tin. And U.S. Steel feet. The siphon is steel-lined concrete pipe. The 3400 tons of steel plate 
makes thousands of tons of tin plate every year used to fabricate the liner sections were supplied by U.S. Steel, while the 
to be used in forming billions of cans to safeguard outside traveler and form (inset) and the inside traveler and collapsible ribs, 
food, oil, paint, and other items. were especially fabricated by U.S. Steel for the casting of this large conduit. 


Listen te... The Theatre Guild on the Air, presented every Sunday evening by United States Steel. National Broadcasting Company, coast-to-coast network. Consult your newspaper for time and station, 


AMERICAN BRIDGE COMPANY © AMERICAN STEEL & WIRE COMPANY and CYCLONE FENCE DIVISION * COLUMBIA STEEL COMPANY * CONSOLIDATED WESTERN 
TENNESSEE COAL, IRON & RAILROAD COMPANY © UNION SUPPLY COMPANY © UNITED STATES STEELCOMPANY © UNITED STATES STEEL EXPORT COMPANY 
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EASY ON THE BACK. When it comes to shoveling snow, you’l! agree that this machine is a great improvement over the old hand 
shovel. Just as US S Cor-TEN Steel, of which it is made, is a great improvement, for many purposes, over ordinary steel. For 
Cor-TEN permits equipment like this to be built lighter, and yet to possess the great strength and rugged resistance to abrasion 
and corrosion essential for satisfactory performance. Only steei can do so many jobs so well. 


FACTS YOU SHOULD KNOW ABOUT STEEL 
Steel costs less than every other metal in the world. It is 
cheaper per pound than the cheapest material from 
which clothing is made. It is cheaper than the lumber that 
goes into your home. It is even cheaper than the pulp 
upon which your daily newspaper is printed. 


MODERN MAILING ROOM. Ever wonder how all those millions of magazines that 
are printed every month in America are packaged for shipment? Many of them 
are tied into wrapped bundles with Gerrard Round Steel Strapping, made by 
U.S. Steel—on Gerrard Model Q semi-automatic tying machines like these. 


UNITED STATES STEEL 
Helping to Build a Petter ee This “ca = guide 


STEEL CORPORATION ¢ GERRARD STEEL STRAPPING COMPANY ¢ GUNNISON HOMES, INC. * NATIONAL TUBE COMPANY ¢ OJL WELL SUPPLY COMPANY 
UNITED STATES STEEL PRODUCTS COMPANY * UNITED STATES STEEL SUPPLY COMPANY © UNIVERSAL ATLAS CEMENT COMPANY ¢ VIRGINIA BRIDGE COMPANY 
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Aerodynamic Theory 


(Continued from page 24) 


the entrance is smooth and rounded 
and the flow rate not too high, the 
flow is laminar. A thin stream of 
dye injected into the flow passes 
downstream as a smooth and regu- 
lar filament, as sketched. But at 
higher flow speeds this regular flow 
is replaced by the irregular eddying 
motion known as turbulence; the 
dye filament is broken up and dis- 
persed into the fluid. 


Boundary Layer Turbulent 

Why is an aerodynamicist inter- 
ested in this? It is not that the at- 
mosphere is turbulent (though it 
is), for its eddies are so big that 
they affect aircraft principally as a 
series of gusts. More important to 
us is the fact that the boundary 
layer is often turbulent itself. Even 
when most of the stream is smooth 
and regular, the boundary layer is 
found to consist of a fine-scale, ir- 
regular, turbulent motion. This is 
of tremendous importance because 
the turbulence produces a much 


more rapid exchange of momentum 
(i.e., friction) and heat (transfer) 
than occurs in a laminar layer. 
Thus, turbulent boundary layers 
are undesirable as regards friction 
drag, but they have greater resis- 
tance to separation, whether due 
to shock waves or less violent phe- 
Figure 10. Oscillograms showing speed 
records taken simultaneously outside 


(upper) and inside (lower) the boundary 
layer, at the same downstream station. 
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nomena, and so they are often des- 
irable. 

Figure 10 presents two oscillo- 
grams (taken by the hot-wire-ane- 
mometer technique) showing the 
speed records outside and inside the 
boundary layer in a wind tunnel. 
The respective laminar and turbu- 
lent characters are clearly seen. The 
intensity of turbulent fluctuations 
is 90 times as great in the lower 
record as in the upper. 


The Future 

To this date, our understanding 
of such turbulent boundary layers, 
or even simpler turbulent flows, is 
very meager. We need much basic 
research to determine how the 
boundary layer becomes turbulent, 
how it develops, how energy is 
taken from the main stream to 
make turbulence—especially in the 
presence of pressure gradients. This 
is one of the major subjects of re- 
search in our Graduate School of 
Aeronautical Engineering. 

In the title of this article, I prom- 
ised to make some predictions about 
the future of aerodynamics. When 
we finish our research on strong 
shock waves and gases at high 
temperatures, and on turbulence, 
what radical improvements in aero- 
nautics will become possible? 

Part of this I can answer. We will 
reduce to practice the flight of air- 
craft at very high speeds and alti- 
tudes. An understanding of turbu- 
lence and turbulent boundary layers 
will make possible many refine- 
ments of design of aircraft and their 
engines, including the realm of 
combustion. 

But these are hardly exciting pre- 
dictions. Where are the flying 
saucers and the Buck Rogers space 
ships? The answer is, of course, 
that they may lie ahead of us, but 
that none of us has the vision to 
see just what clever inventions will 
bring them into reality. We can be 
sure, nevertheless, that these in- 
ventions will be based on better 
understanding than we now possess 
of the frontier regions of aero- 
dynamics. 

We at Cornell are attacking this 
situation from both sides. We are 
doing the basic research necessary 
to achieve this understanding, and 
we are educating the bright young 
engineers who will make the inven- 
tions. 
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Dragonfly eye for a war plane— 
blown of optical glass 


As any naturalist can tell you, the dragon- 
fly has one of the best eyes there is for seeing. 


His eye is a button, set well out from his 
head. It lets the dragonfly see in all directions 
without craning his neck. 


Now war-plane pilots aloft have just such 
a convenient eye to see with—the glass bub- 
ble shown above. Set in the skin of a plane— 
and fitted with an optical system—it gives a 
clear, horizon-sweeping view. 

This new kind of eye for war planes marks 
the first time in the history of glass-making 
that perfect optical glass has been mass-pro- 
duced by blowing. And because the blowing 
is so accurate, the bubble needs a minimum 
of grinding and polishing to meet exact opti- 
cal specifications. 


Before such a bubble could be blown, 
Corning had first to develop ways of forming 
optical glass shapes directly from the molten 
glass. This was accomplished during World 
War II, when Corning devised a method of 
manufacturing lens blanks of perfect optical 
glass by machinery. 


Today, shaping optical glass by blowing 
greatly extends the usefulness of optical glass 
for industry as well as the Armed forces. 


Making optical glass more useful is just 
one way that Corning, in a full century of 
glass-making, has helped glass become one 
of today’s most versatile engineering materi- 
als. Corning has developed more than 50,000 
formulas for making glass, and they are be- 
ing added to, day by day. 


Throughout industry, Corning means re- 
search in glass—research that is constantly 
turning up new ways to make glass do count- 
less jobs better than they’ve ever been done 
before. 

So after you're out of college and are 
planning new products or improved 
processes, it will pay you to call on Corning 
before you reach tite blueprint stage Corning 
Glass Works, Corning, N. Y. 








CORNING 





1851—100 YEARS OF MAKING GLASS BETTER AND MORE USEFUL— 1951 
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News of the College 
(Continued from page 20) 

ment of Hydraulics in the School of 

Civil Engineering. 

For the past two years, Profes- 
sor Jorrissen has been in charge of 
the hydraulics laboratory at Penn- 
sylvania State College and taught 
fluid mechanics and __ related 
subjects. In 1948 he was scientific 
advisor to the Laboratoire Central 
d’Hydraulique, in Paris. 

He was formerly an advanced 
fellow under the Belgian American 
Educational Foundation in the 
study of American fluid mechanics 
laboratories and the design and con- 
struction of a new hydraulics lab- 
oratory at the University of Liege 
in Belgium. 

Professor Jorissen recently at- 
tended a meeting of the Committee 
on Fluid Meters of the Interna- 
tional Organization for Standardiza- 
tion, in Paris, France. 


Joint Laboratory 

A pioneering venture in educa- 
tional and industrial research coop- 
eration has been revealed here in a 
plan announced jointly by the Gen- 


eral Electric Company and Cornell 
University for the establishment of 
an advanced electronics center at 
Ithaca, believed to be the first of its 
kind in the nation. 

Initially, the center will occupy 
a large modernized laboratory build- 
ing located on Cornell property ad- 
jacent to the Ithaca East Hill air- 
port. Modification of the building, 
already begun, is scheduled to be 
complete by February, 1952. Em- 
ployment at the center during its 
first year of operation is expected to 
reach 80 people, more than half of 
them scientists. 

The project’s over-all purpose, as 
outlined by G-E and Cornell offi- 
cials, “is to carry out advanced 
study and development in the field 
of electronics, and at the same time 
provide scientists and engineers 
with teaching and educational op- 
portunities of a type never previous- 
ly established.” 

They cited as an immediate ob- 
jective of the new center, an at- 
tempt “to fulfill the rapidly increas- 
ing needs of both industry and the 
armed services for additional mili- 
tary electronics research and de- 


velopment facilities.” It will supple- 
ment the company’s electronics re- 
search activities at Electronics Park, 
Syracuse, and at Schenectady, N.Y. 

Projects to be carried on at the 
center during the present national 
emergency may include the develop- 
ment of such items as control sys- 
tems for guided missiles, electronic 
counter-measures, and_ infra-red 
systems, officials said. 

Plans for the project, to be known 
as the General Electric Advanced 
Electronics Center at Cornell Uni- 
versity, have been made over the 
past few months by Dr. W. R. G. 
Baker, G-E vice-president and gen- 
eral manager of its Electronics Divi- 
sion, and Dr. S. C. Hollister, Dean 
of the College of Engineering of 
Cornell. 

Activities at the center will be di- 
rected by a four-man management 
team—two men of industry and two 
men of science. Their combined 
skills and experience represent fully 
the abilities required in the various 
scientific, industrial, military, and 
academic aspects of such a pioneer 
venture. 

(Continued on page 34) 
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Whiter White Work 

















CHEMICAL PROBLEM... 


. . . laundry detergents to wash 
clothes whiter without increasing 
laundering costs. 


SOLUTION... 

...@ Hercules cellulose derivative 
called CMC-CT . . . aspecial form 
of cellulose gum. Now a standard 
ingredient in many leading 
brands of “soapless soaps,’ its 
unique action floats dirt away 
from the clothes and prevents it 
from getting back during the wash, 
thereby improving whiteness. 


COLLEGE MEN... 


This is but one example of the 
far-reaching chemical develop- 
ments in which you could partici- 
pate at Hercules—in research, 
production, sales, or staff opera- 
tions. It suggests the ways Her- 
cules’ products serve an ever- 
broadening range of industries 
and end-uses. 


Hercules’ business is solving problems by chemistry for industry... 


. . . paint, varnish, lacquer, textiles, paper, rubber, insecticides, adhesives, soaps, detergents, 
plastics, to name a few, use Hercules synthetic resins, cellulose products, terpene chemicals, 
rosin and rosin derivatives, chlorinated products, and other chemical processing materials. 
Hercules explosives serve mining, quarrying, construction, seismograph projects everywhere 


en 


| H E R C: Gs LE S | HERCULES POWDER COMPANY Wilmington, Del. 
i 


Sales Offices in Principal Cities 
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Modern industrial 
research must constantly 
explore far beyond 
outposts of the known. 
For through this tireless 
reaching past existing 
scientific frontiers, the 
impossible of today 
becomes the reality of 
tomorrow. 


The Howard Hughes 
Fellowships in Science 
and Engineering were 
established at the 
California Institute of 
Technology to encourage 
such creative industrial 
research and 
development. Any 
American citizen is 
eligible for a Fellowship 
who qualifies for 
graduate standing at the 
Institute for study 
toward the degree of 
Doctor of Philosophy 
with a major in physics 
or engineering. 

















Each Fellowship covers 
a twelve-month period. A 
e : eae 
frontier portion of it is spent 
in advanced work in the 
Research and 
Development Laboratories 
of Hughes Aircraft 
Company. A Fellowship 
award provides a money 
gift, salary, and 
tuition and research 
expenses. 


Dr. Clark Millikan (left) 
of the California Institute 
of Technology welcomes to 
the campus Hughes Fellow- 
ship recipients Art Bryson 
from Illinois and Warren 
Mathews from New Jersey. 
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Hughes Fellows Warren Mathews and Art Bryson _results of some random noise studies made with 
are shown (left to right) with Dr. Robert R. use of electronic analog computer in ene Re- 
’ Bennett and Dr. Allen E. Puckett examining the search and Development Laboratories 








Write Howard Hughes Fellowship Com- 
f mittee, Hughes Aircraft Company, Culver 
j DK City, California, for application blank and 


' brochure giving further details. Completed 
AIRCRAFT COMPANY iis applications must be received by the Com- 
Culver City mittee not later than January 7, 1952. 


California 
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News of the College 


(Continued from page 30) 


Representatives of Cornell will 
have a definite part in the approval 
of projects to be assigned to the 
center by General Electric. 


Cornell will give faculty appoint- 
ments to a number of staff members 
of the center, in accordance with 
their qualificatoins. They will be 
granted full faculty privileges on 
the campus, and may be used by 
the university to teach appropriate 
classes. Their work at the G-E cen- 
ter will be arranged so that such 
teaching assignments at Cornell will 
not be interrupted by their labora- 
tory work for the company. Library 
and other facilities normally avail- 
able to the Cornell faculty will be 
made available to the G-E staff. 


Certain members of the staff and 
facuity at Cornell may be employed 
by the General Electric Company 
on a part-time salary basis or as 
consultants. 


Graduate and fifth-year students 


at Cornell may be employed on a 
part-time basis to perform work at 
the G-E center. Graduate students 
working at the center may also con- 
duct work on their graduate theses 
or dissertations by mutual agree- 
ment of representatives of the uni- 
versity and the company. 

Temporary space will be provided 
at Cornell for G-E personnel work- 
ing on projects connected with the 
new electronics center, until modi- 
fications of the laboratory buildings 
are complete. 

Resident manager of the center at 
Ithaca is H. R. Oldfield, Jr., a Gen- 
eral Electric executive since his 
separation from the U.S. Air Force 
in 1945. 

Associate principal scientist at 
the center is Dr. Charles R. Bur- 
rows, director of the School of Elec- 
trical Engineering at Cornell. Dr. 
Burrows will continue his present 
duties in addition to representing 
Cornell on the management team. 

The principal scientist for the cen- 
ter will be announced at a later 
date. 


Dean’s List 

Each year the College of Engin- 
eering announces a “Dean’s Honor 
List.” This rating is given to stu- 
dents with a average of eighty-five 
or better. This year one hundred 
and thirty-eight undergraduates 
were included. This is from a total 
engineering enrollment of some- 
what over fifteen hundred, meaning 
about nine percent of the student 
body recieved the honor. Last year’s 
Honor students, according to their 
colleges, follow: 

School of Chemical Engineering: 
William H. Abraham, 52; Seymour 
M. Blinder, 55; Stanley R. Byron, 
55; Menelo J. Carlos, 53; Elliott 
R. Caterulla, 54; Donald E. Danly, 
52; John S. Gordon, 53; Charles D. 
Graham, ’52; Joseph A. Gryson, ’54; 
Julian P. Heicklen, 54; William C. 
Johnson, ’54; John P. Jones, ’53; 
Martin L. Kasbohm, ’52; Irwin A. 
Kaufman, ’55; James J. Klien, ’55; 
Marshall Lapp, 55; Edward R. Mc- 
Dowell, 55; Richard J. Mayer, ’55; 
Robert M. Messner, ’53; David J. 

(Continued on page 36) 





What do You know about 
INSTRUMENTATION 


First. Choice for 
DEMINERALIZED WATER 


BARNSTEAD 


There’s a growing new pfés 
fession in engineering — the 
science of instrumentation — 
the design, development and 
improvement of the complex 
electronic instruments which 
are leading to the wider and 
wider automation of our 
weapons of defense and of 
American Industry. 

The booklet—“Engineering 
at Arma”—describes this new 
profession, and shows the ad- 
vantages of a career with the 
engineering staff of Arma. 
Write for your copy today. 
Engineering Division, Arma 
Corporation, 254 36th Street, 
Brooklyn 32, N. Y. 


DEMINERALIZERS 


When manufacturing processes re- 
quire only high-test mineral-free water, 
Barnstead Demineralizers are the best 
producers . . . 5c per 1000 gallons of 
demineralized water with a minimum 
of supervision and maintenance. Barn- 
stead Demineralizers increase produc- 
tion, reduce rejects and insure better 


Write Today 


products control. For Literature! 








STILLS STERILIZER CO 


* B3arnstead k 


45 Lanesville Terrace, Forest Hills, Boston 31, Mass. 
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Jimmy said 
two billion prayers 


"'God bless everybody!’ he said ...short and sweet. 


“Then I kissed him goodnight, tucked him 
in, put out the light and went downstairs. 


“That was a big order! Two billion people 
on this earth ... and Jimmy was praying 
for them all! 

“Now ... if you were going to have that 
many people blessed, what one big blessing 
would you wish for them all? 


Freedom! What finer thing than Freedom for 
all the peoples of the world? Why, anybody 
who knows what our Freedom really means 
would give his eyeteeth to be an American 
citizen. Let’s see why: 

“Here we have freedom of religion. Our news- 
papers can say anything they want and so can 
we, short of libel, slander or sedition. Our 
kids are taught Freedom from kindergarten 
up. Here we have a free choice of places to 
live in, businesses to go into or jobs to work 
at, like mine at Republic (you ought to see 
the steel we’re producing down at the plant!) 


“Come voting time, nobody sees us mark our 
ballots . . . nor can he know whom we vote 
for. And we can squawk our heads off in town 
meetings or write what we think to our Con- 
gressmen ... and nobody puts us in jail for it. 


“As long as we don’t step on the other fellow’s 
Freedom, we Americans are the freest people 
in the world. But there are plenty of people 
trying to rob us of those Freedoms and run 
things their way. Outside enemies . . . but we 
have plenty inside, too. They sneak into 
our schools, businesses, unions, social clubs 
... everywhere! 

“Let’s keep an eye on those who attack our 
Freedoms ... while Jimmy prays for the other 
two billion whose greatest blessing would be 
the Freedoms we already have!” 


REPUBLIC STEEL 


Republic Building, Cleveland 1, Ohio 


LIKE GOLD, SCRAP IS WHERE YOU FIND IT! And 
there’s scarcely an industry, business or storage yard 
that cannot yield a rich load of Scrap Iron. Do you 

y that it takes 100 tons of Scrap Iron to produce 
200 tons of new steel? Of course, you know how badly 
America needs that new steel today. For Defense. For 
Construction. For Production. And for Civilian needs. 
Prospect around your place for all the discarded, 
broken, worn or obsolete equipment, tools and 
machines today. And sell it to your local “junk” dealer 
for Scrap tomorrow ! 


* * 


For a full color reprint of this advertisement, 
write Dept. H, Republic Steel, Cleveland 1, Obie. 








for temperature, pressure, 
liquid level control... 


Choose Kiofel valves 


_gedveind 


ae alves 


For dependability and economy . . . 
equipment or manufactured products . . 


Klipfel Valves . . . a wide range of standard types, as 


whether for plant 
. specify 


illustrated below, or controls designed specifically for 
you. If you have a control problem, discuss it with 
Klipfel Engineers. Write for the latest Klipfel Valve 
bulletins shown here. Each contains valuable, easy-to- 
use selection and specifying data. Address Dept. L-12 


0 
el VALVES INCORPORATED @ 


DIVISION OF HAMILTON - THOMAS CORPORATION, HAMILTON, OHIO 
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Nerrow, °55; Robert O. Osborne, 
’55; Robert B. Polak, ’55; Kenneth 
W. Powers, ’53; Leonard B. Roth- 
feld, °55; John F. Schmutz, °55; 
David A. Thomas, ’53; Henry C. 
Thorne, Jr. 52; James D. Verbsky, 
55; Maxwell R. Warden, ’55; Rob- 
ert H. Williams, ’55; Kendrick E. 
Zinn, ’55. 

School of Civil Engineering: 
Ralph M. Baumgarten, 752; Wal- 
lace K. Bishop, 52; Walter S. Bort- 
ko, ’52; Robert E. Fitzner, ’52; 
Myal C. Greene, ’53; Herman A. J. 
Kuhn, ’53; Alden L. Malanson, ’53; 
John M. Morgan, ’52; James J. 
O’Brien, 52; Daniel L. Pope, ’53; 
Joseph E. Prickett, 55; Robert C. 
Ready, ’54; Robert M. Shapiro, ’54; 
Donald E. Unbekant, ’53; Ralph 
J. Vichill, ’55. 

School of Electrical Engineering: 
John R. Arnold, ’54; Charles E. 
Baun, 53; Robert M. Bierman, ’53; 
Gerald M. Bloom, ’55; Alan R. Carl- 
son, 52; George J. Cockcroft, ’55; 
Thomas F. Deutsch, 55; Thomas 
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O. Duff, °54; Lester F. Eastman, 
53; George D. Edwards, ’55; Rob- 
ert Z. Fowler, ’54; Victor H. Ham, 
°52; Peter L. Jenner, 53; George T. 
Kraemer, °54; Stuart N. Levy, 
55; Addams S. McAllister, 755; 
Lyle E. McBride, ’52; Merton D. 
Meeker, Jr., 53; Leonard E. Mende, 
°55; Howard W. Mitchell, ’55; 
David W. Nast, ’53; John M. Pew, 
52; Robert T. Sinacore, 55; Wil- 
liam J. Smithers, 53; Robert M. 
Stock, ’54; Edward A. Collins, ’52; 
Mary A. Diegert, ’52; Peter H. Pin- 
coffs, ’52; Charles D. Simmons, Jr., 
‘Se: 

School of Engineering Physics: 
Janice Button, 54; Frank D. Drake, 
’52; Harold H. Edwards, ’55; Arthur 
S. Gregory, °55; Peter Goldman, 
52; Luther H. Haibt, ‘54; Walter 
A. Harrison, ’53; Robert J. Hart- 
lieb, ’52; Robert L. Hoeppel, ’54; 
Robert E. Hufnagel, ’55; Irving 
Itzkan, 52; Alan M. Jacobs, 55; 
William S. Jewell, 54; Walter L. 
Jones, ’55; Neal F. Jordan, ’55; Ben 
Josphson, ’53; David P. Lieb, *53; 
James D. Livingston, ’52; Malcolm 
D. Mcllroy, ’54; Dietrich Meyer- 


hofer, ’54; James S. Myamoto, ’55; 
Donald E. Ordway, ’53; Harry FE. 
Petschek, 52; Howard M. Rathbun, 
°55; Richard J. Rosa, ’53; Murray 
E. Sherry, ’55; Donald C. Stevens, 
°55; Ralph R. Stevens, 54; Paul P. 
Whalen, °54; William D. Bentley, 
54. 

School of Mechanical Engineer- 
ing: John W. Abbott, ’55; James B. 
Anderson, ’55; Thomas H. Arnott, 
’55; Robert L. Bael, ’55; James R. 
Baum, ’52; James M. Beveridge, 
°53; John A. Blesch, ’55; Robert W. 
Breckenridge, ’55; Clyde W. Bur- 
dick, 54; Ascher Chase, ’54; Rich- 
ard W. Cowing, ’54; William C. 
Cowing, 55; George H. Dalsheimer, 
55; Vincent DiGrande, ’55; Alan 
Q. Eschenroeder, ’55; William J. D. 
Escher, 54; David L. Cohoe, 752; 
Don S. Follett, 53; Donald C. 
Franklin, 55; Allen E. Galson, ’53; 
J. Richard Gauthy, 55; Charles R. 
Glassey, °53; Phillip F. Gottling, 
52; Donald F. Griffin, ’52; Rich- 
ard H. Hillsley, 54; Robert V. 
Kahle, ’55; Charles W. Metzler, 
’53; John J. McGarigal, ’52; Henry 

(Continued on page 38) 
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German crowd, part of the 1,250,000 from East and West Berlin, sees a typical RCA television program. 


Freedoms window in the tron Curtain” 


You've read the story of last summer's 
TV demonstrations in Berlin. It at- 
tracted a million and a quarter 
Germans — including thousands who 
slipped through the Iron Curtain to 
see Western progress at work. 
Behind this is another story: How RCA 
engineers and technicians broke all rec- 
ords in setting up these Berlin facilities. 
The project called for a TV station and 
studio, a lofty batwing antenna, and the 
installation of 110 television receivers at 
strategic points. Such a program would 
normally take several months to com- 


lete. It was installed and put to work 
= RCA in a record-breaking 85 hours! 


Programs witnessed by Berliners included 
live talent shows, sports events, news com- 
mentaries, and dramatizations of the Mar- 
shall Plan, Observers pronounced reception 
fully up to American standards — another im- 
pressive demonstration of democracy’s tech- 
nical ingenuity and leadership. 


* * * 


See the latest wonders of radio, television, 
and electronics at RCA Exhibition Hall, 36 
West 49th St., New York. Admission is free. 
Radio Corporation of America, RCA Build- 
ing, Radio City, New York 20, N. Y. 








Continue your education 
with pay—at RCA 
Graduate Electrical Engineers: RCA 


Victor—one of the world’s foremost manu- 
facturers of radio and electronic products 
—offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary with opportunities for ad- 
vancement. Here are only five of the many 
projects which offer unusual promise: 

© Development and design of radio re- 
ceivers (including broadcast, short-wave 
and FM circuits, television, and phono- 
graph combinations). 

© Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems. 

© Design of component parts such as 
coils, loudspeakers, capacitors. 

® Development and design of new re- 
cording and producing methods. 

© Design of receiving, power, cathode 
ray, gas and photo tubes. 

Write today to College Relations Divi- 
sion, RCA Victor, Camden, New Jersey. 
Also many opp 

and Chemical Engineers and Physicists. 








RADIO CORPORATION of AMERICA 
Wotld Leader in Radio — First in Television 
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FE. Maurer, ’54; Warren Minners, 
55; John C. Phifer, ’52; David 
Pratt, ’55; Robert N. Quade, ’55; 
Robert C. Reisweber, ’53; Donald 
E. Richards, 55; Samuel E. Rogers, 
52; Robert Gray Rutishauser, 
54; Robert S. Stahr, 52; Sherwood 
S. Strong, 55; George W. Sutton, 
52; Robert A. Vanderhoek, 754; 
Barry L. Weiss, 54; Hugh H. Whit- 


sibs 
ney, ’55. 


American Society for Metals 

The Silver anniversary of the 
Southern Tier Chapter of the 
American Society for Metals was 
observed at a dinner meeting No- 
vember 12 at Cornell. A certificate 
of commemoration was presented 
by William H. Eisenman, executive 
secretary of the society. Walter E. 
Jominy, staff engineer of the Chrys- 
ler Corporation and a former presi- 
dent of the society then gave an 
address on “Applications of Harden- 
ability.” The local group represents 
more than one hundred members 


drawn from the metal working in- 
dustries of Ithaca, Binghamton, 
Corning, Elmira, Endicott, Athens, 
Pa., and Scranton. Cornell takes an 
active part in the chapter activities, 
having representation both by 
faculty members and by a student 
group. 


Professor Contra Returns 

After a five year absence, during 
which time he held a professorship 
at Syracuse University, Professor 
J. B. Conta has returned to the 
mechanical engineering faculty. His 
return augments the heat-power de- 
partment, in which he was an as- 
sdciate professor prior to his leave. 
Another addition to the faculty is 
Assistant Professor R. L. Wehe, in 
machine design. 


Books Published 

Two publications by Engineering 
faculty members have recently been 
announced. Professor Arthur Mc- 
Nair of the School of Civil Engineer- 
ing is finishing a book on geodesy 
for the United States Army. The 
second publication was made by 


the National Advisory Committee 
for Aeronautics from a report by 
Professors DuBois, Mabie, and 
Ocvirk of the School of Mechanical 
Engineering. The report dealt with 
their “Experimental Investigation 
of Oil Film Distribution for Misa- 
ligned Plain Bearings.” This is one 
of several reports turned out re- 
cently by these men, most of which 
are classified. 


ASEE Convention 


Professors Beard, Cleary, and 
Siegfried attended the annual meet- 
ing of the American Society of En- 
gineering Education this fall, where 
they presented a paper at the 
Mechanical Drawing seminar. Pro- 
fessor Loberg, Director of the School 
of Mechanical Engineering also gave 
an address at the meeting on Sales 
Engineering. The American Society 
of Mechanical Engineering also 
heard a paper by a Cornell faculty 
member at its annual meeting in 
November. Professor Saunders gave 
a report on “Production Project 
Work for Industrial Engineering.” 








CAR PULLERS, BARGE MOVERS 








ELECTRIC, GASOLINE, DIESEL 
Let Silent Hoist Car Pullers, electric, gasoline, and 
diesel driven Winches serve you. Power-driven Cap- 
stans, Gypsies, and single and double Winches for all 
materials-handling applications — rigging, skip hoists, 
maintenance, construction, cable ways, etc. 


n CAPSTAN DRUM WINCH 
6 Sizes: 4 Sizes: 
Draw Bar Pull Capacities 
2,000 Ibs. 6,000 Ibs. 
6,000 Ibs. 12,000 Ibs. 
12,000 Ibs. 24,000 Ibs. 
18,000 Ibs. 40,000 Ibs. 


22,000 Ibs. 


30,000 Ibs. 





Mfrs. of KRANE KAR Swing-Boom Mobile Cranes, LIFT-O-KRANE 
Fork Lift Trucks, Cranes for Motor Trucks, Capstans, Gypsies, 


BOOKS FOR CHRISTMAS GIFTS 


Gifts which express the good wishes and affec- 
tion of the giver and offer enduring pleasure 
to the recipient. We have a fine stock await- 
ing your selection, late fiction and biography, 
books on hobbys, books of short stories and 
children’s books. 


oo 9 
And then, there’s our pre-Christmas book sale 
in the Co-op corridor. More than 1,000 popular 
books at special prices which are less than 25% 


of the original cost. Come in and pick out an 
armful of Christmas gifts at this bargain table. 


oo 9 


BUY BOOKS FOR CHRISTMAS GIFTS 
AND BUY THEM RIGHT HERE AT 


THE CORNELL CO-OP 
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Single and Double Drum Winches, Coal Slicer Hoists. 


SILENT HOIST & CRANE Co. 


874 63rd St., Brooklyn 20, N. Y. 





Barnes Hall 








On The Campus 
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M.E.’s AT DU PONT [3] 


Plant engineering and production supervision 
offer interesting careers for science graduates 


In the past two issues of the Digest 
you’ve read of the broad opportuni- 
ties that are offered mechanical en- 
gineers in research and development 
work at Du Pont. 


This month let’s look at oppor- 
tunities for men interested in any 
of the branches of plant engineering 
—such as maintenance, power, design 
and construction—or in production 
supervision. 


Efficient maintenance is an impor- 
tant cost factor in the continuous 
processes of a modern chemical in- 
dustry. The M.E. is called upon to 
diagnose troubles, work out correc- 
tive measures, and supervise repairs. 
Frequently he increases produc- 
tion by developing preventive main- 
tenance measures. So vital is this 
work that in one division of the Com- 
pany, 500 men of all crafts, along 
with a routine maintenance group, 
spend almost all their time on it. 
One example of the problems fac- 
ing Du Pont engineers is the main- 


A FIREMAN adjusts louvers for the proper com- 
bustion of pulverized coal. Blown into furnace 
through pipes, it burns at 2500°F. 
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tenance of pumps made to tolerances 
of 0.0001” and operating at pressures 
up to 6000 p.s.i. 


In power work, also, problems re- 
quiring application of mechanicalen- 
gineering principles arise. For in- 
stance, a metal required in one chem- 
ical process is melted at 800°F. by 
immersion heaters fired by butane, 
which is expensive. Conversion to 
fuel oil presented the problem of 
complete combustion in the immer- 
sion chamber. Du Pont M.E.’s re- 
designed the heaters so combustion 


OVERHAUL on polythene area injection pump is 
six-hour job for three men. Work must be 
scheduled for minimum disruption of output. 
could be complete and the hot gases 
recycled in water to use all the avail- 
able heat. 


In design and construction of 
chemical plants, mechanical engi- 
neering again is of major importance 
because of the wide variety of plants 
built and intricacy of their equip- 
ment. Engineers collect basic data, 
design and select equipment. They 
also supervise many steps of con- 
struction until the plant is operating. 


wud, ,, 
F. E. SPELLMAN, JR., B.S.M.E., M.M.E., Ohio 
State ’51, and D. A. Smith, B.S.M.E., Pur- 
due ’40, discuss a change in feed wheel design 
of nylon spinning machine. 


Production supervision attracts many 
mechanical engineers. Men who have 
the ability and interest usually move 
into it by one or two routes: they ac- 
quire background on all stages of a 
plant’s operations by helping design 
the plant, or by operating on the job. 


MAINTENANCE TEAM making a speedy change of 
@ methanol valve to minimize production loss. 


Sometimes students of mechanicalen- 
gineering feel that in a chemical com- 
pany they will be overshadowed by 
chemical personnel. This is not the case 
at Du Pont. Here, hundreds of adminis- 
trators and supervisors, up to the rank 
of vice-president, started as M.E.’s. 


Opportunities for men and women with many 
types of training are described in the 40-page 
brochure “The Du Pont Company and the College 
Graduate. For your free copy, address 2521 Ne- 
mours Bidg., Wilmington, Del. 


REG. U. 5. PaT. OFF 


BETTER THINGS FOR BETTER LIVING 
- +» THROUGH CHEMISTRY 





Entertaining, Informative — Listen to “Cavalcade of 
America,"’ Tuesday Nights, NBC Coast to Coast 
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"Most efficient dredge 
pump ever built!” 


Sizes: 6” to 36”. Larger sizes will 
pump material through two 
miles of pipe line . . . oper- 
ate under total heads up 

to 300 ft. 


4 
ee 
: 


Long life under high output due to 
efficient design and construction 


Specially designed bearings—Stand up under all loads, hy- 
draulic or mechanical, encountered in severest types of dredging 
work. Anti-friction, self-aligning roller bearings on sizes 6” to 16” 
—heavy Kingbury bearings for pumps above 16”. 


Patented pressure balanced impeller—Lasts longer—all 
parts wear evenly. Shroud on suction side is larger in diameter 
—balances casing pressure, decreases wear. 


Other superior Morris features—Volute-type casing. Inter- 
changeable liners on hub and suction sides. Easily accessible 
stuffing box. Vibration-free, extra-large, high-grade steel shaft 
removable through suction side of casing. 


The experience of 87 years in the designing and building of pumps is at 
your disposal. Let our engi s help you select the exactly right pump for 
your particular needs. No charge or obligation. 





ag BS FOR MORRIS MACHINE WORKS 
Baldwinsville, N. Y. 


Ceutrifugal Pumps 


Branch Offices in Principal Cities 





Detergents 
(Continued from page 12) 


shown that one of them, namely 
cetyl-trimethyl bromide, in 0.03% 
concentration is sufficient to kill 
rapidly virulent strains of Staphylo- 
coccus aureus and Streptococcus 
pyogenes in the absence of organic 
matter such as blood or pus. The 
quaternary ammonium compounds 
are considerably more active in 
neutral or alkaline solution than in 
acid solution. They do not inter- 
fere with the healing processes or 
cause irritation. Occasional sensi- 
tivity has been reported. The main 
medical use of these compounds 
has been the sterilization of surg- 
eons’ hands in gloveless surgery 
and in obstetrics. 

“Arquad S” manufactured by 
Armour and Company is coming 
into wide usage for sanitizing in the 
frozen citrus concentrate industry. 
Tests have shown this compound to 
kill most organisms at a dilution 
of one part of active material to 
30,000 parts of water in the pre- 
scribed FDA phenol coefficient test 
method. However, according to cur- 
rent commercial practice, a con- 
centration of five times stronger 
than that, or one part in 6,000, has 
been considered a practical dilu- 
tion for use. Even with higher con- 
centrations allowing a greater safety 
factor, the cost is extremely low. 
This compound has been found 
readily adaptable to production 
line work. 


Sulphur Introduced 


A recent development has been 
the introduction of sulphonamide 
grouping into the quaternary am- 
monium compounds. Sulphathia- 
zole, sulphadiazine and sulphamera- 
zine have been incorporated into 
the anion of cetyltrimethyl-am- 
monium, cetyl pyridium, and laury] 
pyridinium. In 1948, quaternary 
ammonium compounds were syn- 
thesized in which the sulphona- 
mide was part of the cation. The 
compounds are antibacterial be- 
cause of the quaternary ammonium 
component and not because of the 
sulphonamide. 

Although emphasis has been 
placed upon the special “cationic” 
characteristics of cation-active 
agents, they also show the usual 

(Continued on page 42) 


THE CORNELL ENGINEER 

















They have a right to be proud! 


These men have realized ambitions 
that they've carried with them since 
they began to build engineering careers. 
They’re Boeing men. And that sets 
them a little apart. For Boeing is a re- 
nowned name in aviation. It stands for 
bold pioneering in aeronautical research 
and design ... for leadership in the 
building of advanced commercial and 
military airplanes . . . and for trail blaz- 
ing in the development of guided mis- 
siles, jet propulsion and other fields. 

If you measure up, there are grand 
career opportunities at Boeing. You'll 
find exceptional research facilities here, 


and you'll work with the outstanding 
men who have built Boeing to world 
eminence. It’s important, long-range 
work, on such projects as the world’s 
hottest jet bombers, the B-47 and B-52; 
on secret guided missile programs, on 
the new Boeing gas turbine engine and 
other revolutionary developments. 

In Seattle, you'll find more housing 
available than in most other major 
industrial centers. Or if you prefer to 
settle in the Midwest, Boeing’s Wichita, 
Kansas, Division offers the same kind 
of opportunities. Your inquiries will 
be referred to the plant of your choice. 


Plan now to build your career at 
Boeing after graduation. Salaries are 
good, and they grow as you grow. 
Boeing has present and future open- 
ings for experienced and junior aero- 
nautical, mechanical, electrical, civil, 
electronics, acoustical, weights and 
tooling engineers for design and re- 
search; for servo-mechanism designers 
and analysts; for physicists and mathe- 
maticians with advanced degrees. 


For further information, 
consult your Placeinent Office, or write: 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14; Washington 
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FOR ACCURATE, LONG MEASUREMENTS 


SELECT THE [UF KIN 


CHROME-CLAD 


“ANCHOR” 
STEEL TAPE 








Popular for heavy duty 

work on oil field, steel 
mill, or heavy construc- 
tion jobs. 
greater durability and un- 
usually large easy-to-read 
figures. The Anchor fea- 
tures: patented (Chrome- 


EASY TO READ 
THAT ARE DURABLE 


rode; finest genuine leather hand-stitched case; ‘‘instan- 
taneous” readings. Engineers who know specify Lufkin. 
108 


BUY 


GFK. 


TAPES + RULES » PRECISION TOOLS 
FROM YOUR HARDWARE DEALER 
THE LUFKIN RULE CO. 
SAGINAW, MICHIGAN + New York City + Barrie, Ontarie 


Built with 
aeieetiets For Her: 


Clad non- 
glare finish 
that won't 
chip, crack, 
peel or cor- 





UNUSUAL CORNELL GIFTS 


For the folks: 
Cornell Calendar by “Morgan” ........$1.95 
(A perennial favorite) 
Drinking Glasses with Cornell Seal 
Packed in dOZeNs .........ceeeeeees 
Cornell Plate — with Designs .... 


For sister, brother: 
Juvenile T-shirts . 
Cornell Cap — Cornell 197? ... = 
Scarf with Cornell insignia ..........+00+ 
Animals of al kinds—from Dogs 

—to Zebras ...... 


Say it with Cornell Seal Jewelry—The 
lasting gift — Your choice of brace- 
lets, compacts, lockets, pins, or what- 
have you. 


May we suggest you shop early. We 
gift wrap and lay aside for you. 


TRIANGLE 
BOOK 


Evan J. Morris, Proprietor 
412 College Avenue 


shinssvespsavss een 


CO-OP 


Sheldon Court 














Detergents 
(Continued from page 40) 

properties of surface-active agents, 
such as setting, foaming, emulsify- 
ing, and detergent ability. On the 
other hand, cationic agents are 
not compatible with anion-active 
agents, because the high molecular 
weight cations and anions combine 
to form insoluble, inactive com- 
pounds. But both are compatible 
with the non-ionic type. 

To date, cationic detergents have 
been unsuccessful in breaking into 
the household detergent field. 
While the competition is stiff among 
manufacturers of anionic detergents, 
this is not so in the cationic field, 
owing to the smaller number and 
select usage of these materials. It 
is important to note, however, that 
among the cationic detergents prob- 
ably 75 per cent may be described 
as quaternary ammonium salts of 
which the compound, alkyl-dim- 
ethyl-benzyl ammonium chloride 
bulks large. 

The tendency has been to divide 
the cationic detergents sharply 
into detergents for special textile 
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and other uses, and_ germicidal 
agents which in general comprise 
the quaternary ammonium alts. 
Although the latter do lower surface 
tension and act as wetting agents 
to some extent, it is considered 
more desirable to add additional 
non-ionics to them to increase their 
detergent qualities where such addi- 
tion is useful in the application 
desired. This has created a consider- 
able market for non-ionic deter- 
gents. 


Many Producers 


During the latter part of 1949, 
around 750 different trade-name 
detergents were on the market. Of 
these, only 75 belonged to the 
cationic class. No one company 
seems to have taken control of the 
field, for there are twenty-six 
principal cationic detergent pro- 
ducers in the United States. 

It is quite clear that the entire 
synthetic detergent field is one of 
intense economic competion. One 
important principle to remember 
when considering the price fluctua- 
tions of detergents is that they 


compete with soap, which is in- 
herently cheap under normal con- 
ditions. Therefore, detergents must 
either do a better job than soaps, 
in order to command a premium 
price, or they must do the same or 
better job at the same price. This 
adds up to the fact that detergents 
do have an economic ceiling which 
is fixed by the price of soap. Many 
sellers of raw materials set their 
prices on the comparison of soap 
costs and completely forget that in 
order to utilize present day deter- 
gent molecules other expensive in- 
gredients must be added in substan- 
tial amounts in order to make the 
detergents effective. However, syn- 
thetic detergents have made great 
strides because they do a better 
job than soap in hard waters, and 
it is surprising to note that they 
are finding widespread acceptance 
in soft water areas. 


(In the second of the two parts of 
this discussion, the author will dis- 
cuss the chemistry and the indus- 
trial technology of cationic deter- 
gents. )—Weber. 
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“Jo-blocks’’ give true meaning to Accuracy 


Working within measurements of 
millionths of an inch is, today, a com- 
mon practice. This precision mass pro- 
duction in micro-inches is possible only 
because of “Jo-blocks.”” With their 
development, accuracy in terms of pre- 
cision measurement acquired a new 
true meaning. These famous gauges are 
made with such dimensional accuracy 
that even the small amount of heat gen- 
erated in handling may cause them to 
expand and become inaccurate. As the 
photo shows, the surfaces and tolerances 
of these blocks are so finite and smooth 


that they adhere firmly to each other. 


Did you ever consider how such dimensional 
accuracy and finish are achieved? 


You have but to look to abrasives for 
your answer. Grinding wheels, coated 
papers and lapping compounds (all 
products by CARBORUNDUM) play their 
part in the production of ‘‘Jo-blocks.” 


The development and application of 
such abrasive products is a natural for 
CARBORUNDUM which alone makes all 
abrasives to supply the proper ones for 
all industrial requirements of grinding, 


sanding and finishing. This assures abra- 
sive users an impartial recommendation 
of the right abrasive in every case. It is 
a good reason why industrial users look 
to CARBORUNDUM for the best answer 
to their abrasive problems, 


While the CARBORUNDUM brand enjoys 
leading recognition in the field of abra- 
sives, other products by CARBORUNDUM 
are no less important industrially. 
Among these are super refractories, 
widely used in both high and low tem- 
perature applications, ceramic heating 
elements and resistors, and deoxidizers. 


Ody CARBORUNDUM 


TRADE MARK 


makes ALL Abrasive Products... to give you the proper ONE 


Also manufacturers of Super Refractories « Porous Me 


dia e Heating Elements e Resistors e Deoxidizers 


“Carborundum” is a registered trademark which indicates manufacture by The Carborundum Company, Niagara Falls, N.Y. 
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New Look In Electronics 
(Continued from page 15) 


sistor without mentioning some of 
its present limitations. The elimina- 
tion of a relatively high noise level 
is one problem which transistor re- 
search must deal with. At 1000 cps 
most of the units measured so far 
have a noise figure between 10 and 
20 db. It is hoped that new tran- 
sistors which are now being planned 
will reduce this figure considerably. 
Perhaps of even greater importance 
is the frequency limitation of the 
transistor. Studies indicate that col- 
lector capacitance limits the fre- 
quency response at full gain to a 
few kilocycles. However, by judici- 
ous circuit design this response can 
be increased to at least one mega- 
cycle. What is important though, is 
that this frequency limitation is not 
an inherent one and will probably 
be considerably improved in the 
future. 

The title of this article suggests 
changes, and the materiel presented 
gives some idea of the nature of 
these changes. It is apparent that 


the future of electronics and its ef- 
fects on society must now be con- 
sidered as vastly different than a 
similar consideration made several 
years ago. The imminent electronic 
revolution can be appreciated by 
its effect on industry, the public and 
in education. 

In industry can be seen a tre- 
mendous improvement in the com- 
plexity of computing and other ma- 
chines which were limited in the 
past by problems of power con- 
sumption, life-span of integral parts, 
and accuracy in performance of 
these same units. A comparison of 
the brain with computing machines 
of the future creates an interesting 
philosophical sideline of transistor 
electronics. Present day computing 
devices such as the Eniac computor 
are 1,000,000 times less complex 
than the brain but accomplish in- 
dividual processes 1000 times faster, 
thus being in total 1000 times less 
competent. By replacing tubes with 
transistors it may be possible to add 
to the complexity of the computor 
by the factor of 100 or more. This 
would leave the machine only one 





partners in creating © 


@ LEROY* Lettering equipment is standard in drafting rooms 
everywhere. No special skill is needed for perfect, regular 
lettering and symbol drawing. There are LEROY templates in 
a variety of alphabets and sizes, as well as for electrical, 
welding, map, geological, mathematical and other symbols 


that the draftsman needs. 


KEUFFEL & ESSER CO, 


est. 1967 


NEW YORK * HOBOKEN, N. J. 
Chicago ® St. Lovis * Detroit * San Francisco * Los Angeles * Montreal 
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and Materials, 
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Measuring Tapes 





tenth as efficient as the brain with 
the possibility for even further im- 
provement not outside the realm of 
possibility. 

With transistors replacing tubes, 
factories will be built and recon- 
verted and workers will learn new 
trades and skills. New materials will 
become economically important and 
new industrial processes will arise 
as needed. As in all new industries, 
quick action may raise a hereto- 
fore unknown to industrial power 
with the consequent slipping of an 
established industrial giant. In other 
words, a small scale industrial revo- 
lution may be anticipated. 


Predictions 

The public will benefit most di- 
rectly from these changes. All elec- 
tronic equipment will eventually 
cost less than comparable units to- 
day. The further increase in the life 
of equipment will also mean less ex- 
penditure to the public. If we get as 
far as a complete reconversion of 
the electronic industry there will 
not only be a shifting of jobs but an 
actual increase in the number of 
positions available. And finally, we 
will see the availability to the public 
of devices previously thought to be 
too complex for introduction to the 
home, the latter made possible by 
the saving in space and power con- 
sumption, qualities inherent in the 
transistor. 

In education too, revamping must 
be done to keep up with this pro- 
gress. Electronics courses would of 
necessity have to be planned using 
transistors, their characteristics and 
their own equivalent circuits. The 
field of semi-conductors and their 
application to industry will become 
more important in college curricula 
and there will be a temporary lag in 
basic electronic research at educa- 
tional institutions until those con- 
cerned will become up to date in 
this new field. 

Today we stand on the threshold 
of great changes in industry and in 
our lives. Science has again forged 
ahead just as one of its mainstays 
has seemed to reach its maximum 
productivity. The past achievement 
of electronics forms a great record 
in science. It is not too presumptu- 
ous to assume that the transistor 
which replaces the vacuum tube 
will create in the future a record no 
dimmer than the past. 
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We tested samples, changed alloys, 
tempers, rolled different thicknesses. Lamp manu- 
facturers tried each, until one met all requirements. 
Our development men worked long hours to get 
the right solder and flux to join the side wire to the 


Perhaps you’ve noticed that lamp bases, tradi- 
tionally made of brass, now are being made of 
aluminum. There’s a story behind this change and 
it tells a lot about the kind of jobs going on at 
Alcoa. 

It started several years ago when engineers of 
two leading lamp manufacturers agreed with our 
suggestion that bases of aluminum would cost less. 
“But will they be as good .. . will we have to 
revise our methods?” they asked. 

The potential savings, a few mills per lamp times 
the 830 million sold each year, made finding the 
answers worth-while. Together we started two 
long-range research projects. One, to test aluminum 
alloys in the weather, fumes and years of standing 
idle that lamps must endure. The other, to find the 
alloy that would take five progressive draws, then 
thread rolling and finally, the high temperature of 
the red-hot glass that is poured in the base. 


ALUMINUM 
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varied 


base. Adapted them to the high-speed, 
making machines. 

All this time, the manufacturers had aluminum 
bases installed in seacoast and industrial atmos- 
pheres. Our laboratories ran other tests on lit and 
unlit lamps under corrosive conditions. After 1% 
years the reports came in: Aluminum bases 
measured up in every respect: conductivity, cor- 
rosion resistance, ease of installation and removal. 

This is typical of the research and development 
jobs now underway at Alcoa. And others are wait- 
ing for the men with the skill and imagination to 
tackle them. ALUMINUM COMPANY OF AMERICA, 
1825 Gulf Building, Pittsburgh 19, Pennsylvania. 
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NEW BROWN & SHARPE 
HAND SCREW MACHINES 


Handle Short-Run Jobs More Profitably 


Nos. 00, 0 and 2 Brown & Sharpe Hand Screw 
Machines produce small-quantity bar-stock and sec- 
ond-operation jobs with high economy and efficiency. 
Write for detailed literature on these modern cost- 
cutting machines which take stock from %” to 1” 
diameter. Brown & Sharpe Mfg. Co., Providence 1, 


Rhode Island, U.S.A. 


BROWN & SHARPE > 
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Alumni News 
(Continued from page 19) 


which was published in the Novem- 
ber 1951 issue of the WESTING- 
HOUSE ENGINEER. He lives at 204 
Western Ave., Albany, New York. 


V. L. Dzwonszyk, E.E. ‘35, has 
been appointed Operating Sponsor 
reporting to the Operating Vice- 
President of the American Gas and 
Electric Service Corporation. He is 
an instructor in the Evening School 
of Pratt Institute of Technology, in 
Brooklyn, N. Y. He is a member 
of A.I.E.E., 1.E.S., Cornell Society of 
Engineers and Eta Kappa Nu. 


E. R. Urquhart, E.E. ‘39, holds a 
Lieutenant Colonel’s commission in 
the Army Ordance Corps. He is 
now the Post Ordance Officer, 
Camp Hanford, Washington, site 
of the Hanford Atomic Engineering 
Works. 


Mrs. Vivian Hoffman Grey, M.E. 
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‘47, M.SinE. ‘49, is director of public 
relations and publicity for a Holly- 
wood television and radio firm. 
Recently she has been appearing 
in plays at the Pasadena Playhouse 
and in Hollywood and is also writ- 
ting local West Coast television 
programs. She and her husband, 
Jerry Grey ‘47, are in Hollywood 
until he completes work for his 
PhD in aeronautics at the Califor- 
nia Institute of Technology. 


Richard H. Allen, B.M.E. ‘45, ‘47, 
is resident engineer with the Cros- 
ley division of Avco Manufacturing 
Co. in St. Louis, Mo. A son, Nicholas 
John Allen, was born last Novem- 
ber 1. The Allens live at 6007 Col- 
umbia Avenue, St. Louis. 


John J. Christenson, B.Chem.E. 
‘46, ‘49, is a trouble-shooter for the 
vice-president in charge of pro- 
duction of the Commercial Solvents 
Corp. 


Norbert W. Burlis, B.E.E. ‘47 is an 


electrical engineer with Emerson 
Electric Manufacturing Co. in St. 
Louis, Mo. He is also a partner in 
the Custom Engineering & Develop- 
ment Co., making electronic medi- 
cal instruments. His address is 6910 
Eugene, St. Louis 16, Mo. 


Ralph E. Peters, B.C.E. ‘49, of 836 
Lower Ferry Road, Trenton, N. J., 
is a highway designer with Richard- 
son & Gordon, 1411 Walnut Street, 
Philadelphia, Pa. 


Douglas M. Cameron, B.E.E. ‘50, 
has been made technical assistant 
to the superintendent of the meter 
and installation department of Con- 
solidated Gas and Electric Co. in 
Baltimore, Md. He lives at 216 
Ridgewood Rd., Baltimore 10. 


Vincent C. Oxley, B.E.E. ‘50, is 
an electronic engineer for Bell Air- 
craft in their guided missile pro- 
gram. He lives at 127 Highview 
Rd., Buffalo 21. 
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make 


LOCKHEED'S ~ 


great future 


There's a better future—a better 
job—waiting for engineers at 
Lockheed Aircraft Corporation, in 
beautiful San Fernando Valley. At Lockheed you are 
well-paid from the start; work in modern, air-conditioned 
offices; receive training that prepares you for promotion—you are 


part of a team known for leadership in aviation.* 
These Lockheed planes show why Lockheed — 
and Lockheed engineers ~ earned that reputation for leadership: 


THE VEGA— THE HUDSON BOMBER — THE P-38 LIGHTNING— THE F-94— THE SUPER CONSTELLATION— 
flown to fame by Charles Lindbergh, first American piane to fight first 400 mile-per-hour first all-weather jet interceptor larger, faster, more powerful; the 
Amelia Earhart, Wiley Post in World War tt fighter-interceptor assigned to duty with America's plane that bridges the gap between 
aerial defense forces. modern air transport 
and commercial jet transport 


The jet of the future— 


If your placement officer 
is out of brochures, write 


the plane you will help 


create—belongs in this M. V. Mattson 
Employment Manager 


: frame. There will always 
be empty frames like this, waiting to be filled by Lockheed engineers. That's LO ¢ K H F F D 


AIRCRAFT- CORPORATION 


why Lockheed will always need forward-looking engineers. So why not Suteih: Qian 


make Lockheed’s great future your future. See your placement officer for 


illustrated brochures explaining work—and life—at Lockheed. Aeronautical training is not necessary; 
Lockheed will train you. 
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(Continued from page 16) 


possible the use of the isotope on 
large areas and on deep or other- 
wise inaccessible cancers. By way 
of comparison for the duplication of 
the radiation of the cobalt 60 to 
be used in this apparatus, it would 
require $26,000,000 worth of ra- 
dium. 

The apparatus consists of a hous- 
ing and electrical-mechanical sys- 
tem that makes it possible for doc- 
tors to give radio-active treatments 
to patients by remote control, to 
limit the amount of radiation to the 
patient, and to return the source to 
a safe position in case of power fail- 
ure. The isotope is encased in a 
special tungsten alloy which is less 
transparent to radiation than lead. 
The operator, located in an adjacent 
room, is protected from radiation 
by a thick concrete wall, but can 
observe the patient through a win- 
dow consisting of fifteen inches of 
X-ray resistant material. 

Although this new apparatus does 
not promise any sure cure for can- 


cer it is certain that its use will be 
of great aid in the fight against the 
disease. 


Titanium Tetrachloride 

The DuPont Pigments Depart- 
ment has been working on the appli- 
cation of titanium tetrachloride to 
industrial, military, and domestic 
uses. Titanium tetrachloride is a 
compound similar in structure to 
carbon tetrachloride, the well 
known cleaning fluid and fire ex- 
tinguisher. It is derived from the 
metal titanium, which though not 
quite so strong as stainless steel, 
is lighter and far more resistant to 
corrosion. 

The first use of titanium tetra- 
chloride has been in the making of 
new experimental fireproof paints 
which would be of great value in re- 
ducing the hazard of fire aboard 
ships at sea. Although the problems 
of adherence and corrosion resist- 
ance are yet unsolved, this paint 
shows great promise of becoming 
a boon to all American vessels in 
the prevention of the spreading of 
fire from one compartment to the 


next by heating of the walls to such 
high temperature that the paint 
catches fire. 

A second use is the making of 
Erifon flame retardent. This ma- 
terial is a solution of titanium tetra- 
chloride and antimony chloride in 
water. When applied to a fabric and 
allowed to dry, an amorphorus 
mixed oxide is bonded chemically 
to the fibers, producing flame re- 
sistance that lasts through repeated 
laundering or dry cleaning, and does 
not adversely affect the texture or 
appearance of the mateiral. This 
retardant is especially effective 
with drape material. Most of Du- 
Pont’s production goes to the army 
for fireproofing tents. Its use cuts 
the weight of tents nearly eigh- 
teen percent under the weight of 
tents processed by other tested 
method. 

A third use has been in the pro- 
duction of sponge titanium by mix- 
ing the tetrachloride with molten 
magnesium which reduces titanium 
to the metal. This sponge can then 
be cast, forged, rolled, or drawn 
into desired shapes. 








approval for the new engine. 


Tough jobs are the true test of electri- 
cal cable... and installations on such 
jobs usually turn out to be Okonite. 


r+) ime i T E Or insulated wires and cables 


/n the development of a new jet engine, 


difficulty was encountered due to the intense heats. 
Since the engine generated temperatures as high as 
400°F., even usual heat-resistant insulations on the 
ignition wires would not stand up. 

Okonite researchers were consulted on the problem. 
Their investigations led them to recommend Okotherm, 
an insulation of remarkable heat-resisting qualities, 
made by Okonite. Okotherm retains its dielectric 
strength over an extremely wide range of temperatures, 
and was consequently the first electrical cable to gain 


machines. 
32, Pa. 





““SURFACE FINISH“ 


IN A BEARING 


No bearing can be accurate and smooth- 
running unless it has a fine finish, partic- B 
ularly in the races. It is this plus-quality 
in the finish of SSF Bearings that means 
smooth-running bearings —smooth-running 
SF Industries, Inc., Phila. 


KF 


7180 


8788 Ball and Roller Bearings 
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This is a 
magnification 
of what 
abrasive 
material ? 


Commercial 
Diamond 

Fused Silicon 
Carbide 

Fused Aluminum 
Oxide 

Boron 


Carbide 














The answer “Fused Aluminum Oxide” 
gives you a passing mark. But, it’s not 
just ordinary fused alumina. It’s Norton 
32 ALUNDUM* abrasive in a single 
crystal, containing more than 99% pure 
fused alumina — hailed as the “greatest 
abrasive contribution to increased grind- 
ing production in more than 40 years.” 


How It’s Made 


When bauxite is submitted to an ex- 
tremely high temperature in an electric 
furnace by an ingenious Norton Process, 
grains of 32 ALUNDUM abrasive form 
in a fluid matrix where each grain grows 
into a single, complete crystal — strong 
in shape and with many sharp points on 
all sides. The matrix not only contrib- 
utes to 32 ALUNDUM. abrasive’s 
unique crystalline structure but also 
absorbs impurities from the melt. This 
accounts for the better than 99% purity. 


The matrix is then dissolved away by 
a complicated chemical process and the 
released grains are washed and screened 
to size. No crushing is necessary. 


Amazingly Versatile! 


The extra sharpness and crystalline 
form of Norton 32 ALUNDUM abra- 
sive enables it to grind cast iron, alu- 
minum, bronze, brass, soft steel, high- 
speed steel and cast alloy tool materials. 
Its versatility is further borne out by a 
typical report. In one prominent plant, 
Norton 82 ALUNDUM wheels, replac- 
ing other wheels, accounted for over-all 
time savings, floor to floor, of: surface 
grinding — 26.3%; internal grinding — 
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13.1%; tool grinding — 13.2%; cylin- 
drical grinding — 25%. 


Worth Remembering 


This example of “making better prod- 
ucts to make other products better” 
promises an interesting future to young 
engineers who want to contribute to new 
developments. Norton Research is well 
worth investigating. 


Free Folder 


highlights the cost- 
cutting advantages of 
Norton 32 ALUNDUM 
abrasive on countless 
grinding jobs. Write 
for your copy. 


Gordon R. Finlay, Ph.D., Cornell '42, examines a 
specimen with the Metallograph in the Physical 
Testing Laboratory at the Norton electric furnace 
plant in Chippawa, Canada. 


*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 
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Gilaking better products to make other products better 
ABRASIVES, pp sminoING wneets onstones 7 ABRASIVE PAPER & sume 


sae GRINDING & LAPPING MACHINES LABELING MACHINES NON-SLIP FLOORING 
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REFRACTORIES CERAMIC SURFACE PLATES SS BORON CARBIDE PRODUCTS FY | 


NORTON COMPANY, WORCESTER 6, MASSACHUSETTS 


SEHR-MANNING, TROY, N. ¥. I$ A DIVISION OF NORTON COMPANY 








PROBLEM—You are designing a cabinet-type oil 
heater. The oil and air metering valve has to be 
placed at the bottom. You now want to provide a 
manual control for the valve located on the cabinet 
front where it is easy to see and to operate. How 
would you do it? 


THE SIMPLE ANSWER—Use an S.S.White remote 
control flexible shaft to connect the dial to the valve 
or to a rod running to the valve. The latter method 
was used in the heater illustrated below. The flexible 
shaft will provide smooth, sensitive control and will 
allow you to put the dial anywhere you want it. 


x * 


This is just one of hun- 
dreds of power drive and 
remote control problems 
to. which $.S.White flex- 
ible shafts are the simple 
answer. That's why every 
engineer should be fa- 
miliar with the range and 
scope of these ‘‘Metal 
Muscles'’* for mechani- 
cal bodies. 


Photo courtesy of 


Quaker Mfg. Co., Chicago, Ill. *Trademark Reg. U.S. Pat. Of 


and elsewhere 


WRITE FOR BULLETIN 5008 


It gives essential facts and engineer- 
ing data about flexible shafts and 
their application. A copy is yours 
free for asking. Write today. 


4 CJ 
imct hhc INDUSTRIAL DIVISION 


DENTAL MFG. CO. Dept. C, M0 East 40th St. 
NEW YORK 16, N. Y, 





50 


( : a 





WASHINGTON'S LENCSHIRE HOUSE 
AIR CONDITIONED BY FRICK 


The 126 apartments in this new 8-story building on Wisconsin Avenue 
are k pt cool and comfortable by three Frick refrigerating machines. 
Evaporative condensers, placed on.the roof, save 95%, of the water 
otherwise required. 

Installation by Harvey W. Hottel, Inc., Frick Distributors at Wash- 
ington, D. C. Lencshire House was built and is owned by The Lenkin 

BETES Construction Company. 
A Frick air conditioning unit 
. (of 5 or 7'/2 hp. size) or a cen- 
tral system like that at Lenc- 
shire House, will increase 
profits in your business. 

The Frick Graduate Training 
Course in Refrigeration and Air 
Conditioning, operated over 30 

S years, offers a career in a grow- 
mgt ustry. 

















| 
| 
| 
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Whose picture is printed abobe, when 


was he last Seen on the Campus, and what is his 
Connection with the Cornell Engineer? 

For the correctly documented Answer, the Eng- 
ineer will award two Tickets to its Annual Banquet, 


aud a Free Irip to Trumansburg. 
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A “North Country” trapper...like 


Cast Iron Pipe. 


.. has 


STAMINA ! 


Trekking long distances in the 


frozen North, on a trapline or behind 


a dogsled, demands stamina! 
And, just as surely, pipe must 
stamina to serve for a century 
more as cast iron water and 
gas mains are doing in more t 
30 cities in the United States an 


have 


or 


han 
d Canada. 


In the generations since these gailant 


old mains were installed, horse-drawn 


vehicles have given way to 
multi-ton trucks and buses. 


Under the streets crowded utility services 
have been constructed. Yet cast iron pipe has 


withstood the resultant traffic-s 


hock and 


beam-stresses because of its shock-strength, 


beam-strength and crushing-strength. 


No pipe, deficient in any of these 


strength-factors of long life, 
should ever be laid in 
paved streets of cities, 


towns and villages. 


IRON 
PIP & 


OR: CEN TURLES 


SERVES F 
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In a 340-mile midwinter race against 
death to bring serum to Nome, Alaska, 
o dog-team and driver covered more 
than 90 miles in a single day—a feat 
still remembered after 25 years. 


Cast Iron Pipe Research Association, 
Thos. F. Wolfe, Managing Director, 
122 So. Michigan Ave., Chicago 3. 





STRESS ad S7RAIN.. 


Sunday drivers had picked the 
country gentleman’s fruit and 
flowers. One of them pointing to 
an unexplored highway said to the 
c. g., “Shall we take this road 
back to town?” 

“You might as well”, said the 
c. g. “You've taken everything 


else.” 


She: “I have a beautiful face, 
beautiful shoulders, a perfect waist, 
a perfect bust, and... say, are 
you following me?” 

E.E. “Following you! Heck, I’m 
way ahead of you.” 


“1 simply gotta divorce this wo- 
man,’ the disconsolate man told 
the court. “She insists on keeping 
a goat in our be droom and the SMe ll 

so bad 1 can't stand it.” 

“That sounds bad,” said the 
judge, “but couldn't you Ope na 
vindow?” 
“What, 


get out?” 


and let all my 


pidgeons 


An Engineer is a person who 
passes as an exacting expert on the 
basis of being able to turn out 
with prolific fortitude infinite strings 
*of incomprehensible formulae cal- 
culated with misromatic presision 
from vague assumptions which are 
based on debatable figures taken 
from inconclusive experiments 
carried out with instruments of pro- 
blematical accuracy by persons of 
doubtful ability and questionable 
mentality for the avowed purpose 
of annoying and confounding a 
hopelessly chimerical group of 
fanatics referred to all too fre- 
quently as Engineers. 

(Editor's note; A few commas 
and periods might help, so supply 
your own.) 


\s he felt his way around the 


lamp post he said, “Shno use. I’m 


” 


walled tn. 
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O Engineers with hairy ears, de- 
signing 
Controlling 
suds and never reaching riches. 
When you your 
tastes don’t run to graphs and 


dams and ditches; 
floods and blowing 
want your fun 


mathematics, 

But to a bar that’s not to far, and 
ballroom acrobatics. 

You make survey of waterways and 
plan for irrigation; 

But H,O to gin that’s sloe, you add 
with moderation. 

With stress and strain you ascer- 
tain the ways to make frames 
rigid, 

Then spend the night till broad 
daylight in making dames less 
frigid. 

QO Engineers 
find them most endearing— 


have hairy ears—l 
But awfully odd because, by God, 
they don’t like engineering. 


* * * 


The girl on the bus was reading 
an article on birth and death sta- 
tistics. Suddenly she turned to a 
scholarly looking gentleman. sit- 
ting beside her and said, “Do you 
know that every time | breathe, a 
man dies?” 

“Very interesting,” the gentle- 
man returned. “By the way, have 
you tried sen-sen?” 


* 


Boy: “May I have a quarter to 
see the circus?” 


k.P. Father: 


eclipse last week. Do you want your 


“TI let you see that 


life to be one perpetual round of 


>) 


galety: 


Sundown found a lonely Indian 
climbing to the tod of a bluff. There 
he built a fire and began to send 
signals to his lady friend 
y. A short while after 
he had begun an Atr Force plane 
lropped an atomic bomb in the 
alley between the Indian and has 
said the Indian 

watched the billowing mush- 
room of smoke, “I wish I'd said 
that.” 


Fi 
MORE 


across the 


lady fair. “Gosh,” 


| walked into a barber shop, 

The sign was very queer. 
“During alterations 

We will shave you in the rear.” 


* * 


Here’s to the light that lies in a 
woman’s eyes, 

And lies, and lies, and lies, and 
lies, and lies. 


Lecture: “And in 
students, I 
shall give a you a demonstration 
of the evils of the Demon Rum. | 
have here two glasses, one filled 
with water, the other with whiskey. 
I will now place a worm in each 
glass. Notice how the worm in the 


Temperance 
conclusion, my 


dear 


water squirms and vibrates with the 
very spark of life, while the worm in 
the whiskey writhes in agony, curls 
up and dies. Now 


is the moral of this story?” 


young man, what 


“Tf you don’t want worms, drink 
whiskey.” 


December’s Brain-Teaser: 

An ME, finding himself short of 
cash just before a big weekend, 
sent the following telegram to his 
father: 

SEND 
MORE 


MONEY 


If each letter of the telegram 
stands for a digit, how much money 
did the ME ask for? 


Answer to November’s brain-teaser: 
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REVEALS NEW FACTS ABOUT METAL STRUCTURE. Electron DETERMINES COMPOSITION OF MATERIALS. The composition 
micrography—up to X50,000 with the electron microscope— of almost any material is shown in a flash through spectrog- 
reveals new facts about metal structure, surface protection, raphy. It is a means of making frequent production line 
and effect of processing procedures. analyses that keep a check on specifications. 


SHOWS STRESSES AND STRAINS VISUALLY. By photographing © 
the patterns developed by polarized light as it passes through 

a plastic model of a part, the engineer can have visible evi- 
dence of the points of stress within the part. 


ie the engineering laboratory—on the production line— 
photography is today an important tool. It searches metal 
structure through electron micrography, x-ray diffraction, 


and micro-radiography. It makes swift mechanical motions 
seeable by showing them at a snail’s pace with high speed Send for this FREE Book 
movies. Or it can halt an instant of an instrument's fleeting It tells how photography is used to: 
. Speed production + Cut engineer- 
trace and record it for study. Oe 
ing time + Assure quality main- 
Eastman Kodak Company, Rochester 4, N. Y. tenance * Train more workers 
faster + Bring new horizons 
to research 


College graduates in the physical sciences, engineering, and 
business administration regularly find employment with Kodak. 
Interested students should consult their placement office or 
write direct to Business and Technical Personnel Department, 


Eastman Kodak Company, 343 State Street, Rochester 4, N. Y. shAbealaale 





QUESTION: 
ANSWERS 


In order of mentions: 


t. Greater variety of opportunities. Sample quotes: 
“More chances of getting into a type of work you 
“Wider choice of jobs.” 


job. : 


will thoroughly enypoy Bee 
“Plenty 


“There are 


of opportunity to find the right 


more opportunities for potential 
managers than there are candidates.” “All sizes 
“More oppor- 


of puddles for all sizes of frogs.” 


tunities becoming available due to expansion, 


transfers. retirements.” 
2. Greater opportunity for adjustment, “G.E. goes 
out of its way to find the corner you are happiest in 
and best suited for.” “Didn’t have to decide on a 
particular specialty until | had looked the field 
over.” “You can investigate many types of work 
before choosing your own special field.” “Chance 
to change jobs without losing advantages connected 
with length of service.” “You can change your line 


of work almost at will without changing employer.” 


3. More chance to learn. “More opportunity to get 
a good orientation and training program.” “Un- 
limited training.” “Better organized and planned 
training courses.” “Opportunity of finding the 
best of training in my chosen field.” “G-E training 
programs a good bridge between college and in- 
dustry.” “Training from experienced men.” “Good 
chance to learn by association with established ex- 
perts in many fields.” 

“Business more 


if ability is 


4. Greater stability and security 


stable in large company.” “Stability 


What are the advantages of 


working for a large company? 


From a poll of college graduates 
with ten years’ experience 


at General Electric 


proven. “Progressive policies concerning pen- 


sions, health insurance. ete.” “Good security if 


Vou do a good job.” 


5. Broader sources of information. “Tremendous 
wealth of scientific knowledge and information no 
further away than telephone.” “Ease of obtaining 
technical information, special information, serv- 
ices. “Wealth ol knowledge and experience lo 
draw from.” “Experts available for consultation.” 
“Access to latest and best technical information 


and ability.” 


6. Better facilities and resources. “Best technical 


skills and facilities are available.” “Good research 
facilities and projects.” “Better facilities for doing 
a better job.” “Best in equipment and facilities.” 
“Tf an idea or project is worth while and you sell it, 
there are adequate resources of men, material and 


financial backing.” 


7. High standard of ethics. “More honest effort to 
put value into the product.” “Most people I know 
at G. E. 


ment than in profits by any means.” “Fair treat- 


are more interested in building good equip- 


ment by management.” “Near certainty that you 
*“No fear of relatives 


of the boss getting my promotion.” 


will receive fair treatment.” 


8. Chance for greater personal prestige. “Prestige of 
working with a company known nationally and in- 
ternationally.” “Friendships all over country 
among people of your own background and educa- 


tion. Community recognition, - 
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